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PALAEONTOLOGY. 



Paleontology* is the science which treats of the evidences 
in the eai-th's sti-ata of organic beings, consisting of fossil 
i-emains, casts and impressions, of plants and animals, belong- 
ing, for the most pai-t, to species tliat are extinct. 

The endeavour to inteipret such evidences has led to 
comparisons of the fonns and structtires of existing plants 
and animals, whicli have greatly advanced the science of 
comparative anatomy, especially as applied to the hard and 
enduring parts of the animal fmme, such as corals, shells, 
spines, cnists, scales, scutes, bones, and teeth. 

In applying the itisults of these comparisons to the restora- 
tion of extinct species, physiology has benefited by the study 
of the relations of structure to function requisite to obtain 
an idea of the food and habit*^ of such species. It has tlius 
been enriched by the well-defined law of '* correlation of 
stnictures.'' 

The knowledge of the type or plan of arrangement of 
certain systems of oi;gans, c. (f/., the skeletons of the Verte- 
brata and the teeth of the Mammaliii, has been confirmed 
by the more frequent and closer adherence to such type 
discovered in extinct animals, and thus the highest aim of 
Zootomy has been greatly promoted by pakeontology. 

Zoology has gained an immense accession of subje(»ts 
through the determination of the nature and affinities of 

* F'mm palaios, ancient ; ontH, beings; I^'Ros, a fVmrovrse. 

n 



2 pal.koxtolo(;y. 

cxtiiu'.l aiiinuils ; and iiuich fuilher iii.si«j[ht has heen carried 
into tlu' tvuc system of classification since paheontolog)' 
exj)anded our survey of the animal kin<j[dom. 

But no collateral science has pi-ofited so nmch hy pahe- 
ontolo<j;}' as that which teaches the structure of the earth's 
crust, with the time, order, and mode of fonnation of its 
constituent stmtitied and unstratified parts. Cieology, indeed, 
in her I'ecent pi-ogi-ess, seems to have left her old hand- maiden 
minemlo<(}' to lean ui)on her young and vigorous offspring, the 
science of organic remains. 

By this science the law of the geoginphical distribution 
of animals, as deduced from existing species, is shewn to have 
been in force during j>eriods of tinu^ long antecedent to human 
history, or to any evidence of human existence; and yet, in 
ivlation to the whole known i)eriod of life-i>henomena upon 
this planet, to have been a comi)ai'atively i^»cent result of 
geological forces determining the present configumtion and 
position (»f continents. Hereby, i)aheontology throws light 
upon a most interesting bmnch of geograjdiical science, that, 
viz., which n'lates U) foi-mer configumtions of the earth's 
surfaces and to other disiK>sitions of land and sea than prevail 
at the i>res(»nt day. 

Paheontology shews that climate has changed in the sanu^ 
latitude from wann to cold and irom cold to wann, in a degree 
gi'eater than any recorded in human history, and thus supi>li(»s 
meteorology with a most interesting though obscure probliMii 
in i-cgard to the physical conditions of such alternations. 

Finally, ])al«Tontolog)' has yielded most important facts in 
the highest range of knowledge to which the human intellect 
aspires. It teaches that the globe allotted to man has revolved 
in its orbit t}nx)ugh a period of time so vast, that the mind, 
in the endeavour to i-ealize it, is straine<l by an efUVu-t like 
that by wliich it strives to conceive the space dividing the 
solar svslem ihmi iho lufist distant nebuhe. 
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ralieoiitolog}' liiis shewn that, from the inconceivably 
remote period of the deposition of tlie Cambrian ix)cks, the 
earth lias been vivified by the sun's light and heat, has been 
fertilized by refiX3shing showers, and washed by tidal waves ; 
that the ocean not only moved in orderly oscillations regu- 
lated, as now, by sun and moon, but was rippled and agitated 
l)y winds and storms ; that the atmosphere, besides these 
movements, was healthily influenced by clouds and vapoui^s, 
risnig, condensing, and falling in ceaseless circulation. With 
such conditions of life, palaeontology demonstrates that life 
has been enjoyed during the same countless thousands of 
years ; and that with life, from the beginning, there has been 
death. The earliest testimony of the living thing, whether 
coral, crust, or shell, in the oldest fossiliferous rock, is at the 
same time proof that it died. At no period does it appear 
that the gift of life has been monopolized by contemporaiy 
individuals through a stagnant sameness of untold time, but 
it has been handed down fi*om generation to generation, and 
successively enjoyed by the countless thousands that consti- 
tute the species. Palieontology further teaches, that not only 
the individual, but the species perishes ; that as death is 
balanced by generation, so extinction has been concomitant 
with the creative power wliich has produced a succession of 
species ; and furthemiore, that, in this succession, there has 
been "an advance and pix)gress in the main." Thus we leani 
tliat the creative force has not deserted the earth during any 
of the epochs of geological time that have succeeded to the 
first manifestation of such force ; and that, in res|)ect to no 
one class of animals, has the operation of creative force been 
limited to one geological epoch ; and perhaps the most im- 
portant and significant result of paUeontological research has 
been the establishment of the axiom of the continuous 
operation of the ordained be<*oming (►f the species of living 
things. 



4 PAL.*:«:»>'TOLOGY. 

The pre:5*?ut suney of tlie evidences of organic Wings in 
the earth's crust couiniencejs with tlie lowest or most simple 
forms, and will treat chiefly of the remains of the animal 
kingdonL 

A reference to the subjoined *• Table of Strata" (fig. 1) will 
indicate the relative position and age ol the geological forma- 
tions cited, in connection with their characteristic fossils. 

Organisms, or lixing things, are those which possess such 
an internal cellular or cellulo-vascidar structure as can receive 
fluid matter from without, alter its nature, and add it to the 
alterative stnictuiv. Such fluid matter is calleil " nutritive," 
and the actions which make it so are called ** assimilation" 
and " intus-susception." These actions are classed as " \'ital,'' 
because, as long as they aiv continual, the ** organism" is said 
-to live." 

When the oi'ganisni can also move, when it i-eceives the 
nutritive matter by a mouth, retains oxygen and exhales 
carbonic acid in i-espiration, and has fur the principal tissues 
(i[uaternary compounds of carbon, hydi-ogeu, oxygen and 
nitrogen, it is called an '^animd." AMien the organism is 
rooted, has neither mouth nor stomach, retains carbon in 
respimtion and exhales oxygen, and has for the chief tissues 
binary or temaiy compounds, it is called a "plant." But 
the two realms of Nature called "plants" and "animals" are 
specialized members of the one greater group of living things ; 
and there are numerous organisms, mostly of minute size and 
retaining the form of nucleated cells, which manifest the 
common organic chamctei-s, without the superadditions of 
truly distinctive plants or animals. Such oi^ganisms ai*e 
called " Acrita,''* and include the ArnorpJtozoa or sponges, the 
Rhizopoda, or foranjinifers tli^ Polyci/sthiea', the Diatomacea:, 

* Gr. n, expressing tcant or h • Arm<>i *o separate ; siguifving a want 

of distinction or differentiatio f^!^^^ ' ^ an<l organs. The group has since 
been called " Protozoa/' «- '^ °' ^isgii^ > Jife or living thing. 



TABLE OP STRATA and Order op Appearance op Animal 
UPON THE Earth. 



LlPE 



..-.s^^^^^^ii^^ ■...»>. 



SbeJl-Marl. 
Gldcial Drift. | f 
Brick Enrth, mB 
Norwkli \ 
Red VCmg. 

Coralline ) 

^Ec^laaae. 
Plastie > 



MAN h\' R^mniii!!. 



3 



by VVeapona. 



Runjiciaiitia. ^ Quadrunmrm, 

/^ ProWwiditt. ^^ t . 
^ Etideiitift. ^T ^ 



1 



MAGstricbt. 
Upper Cbalk. 
Low^r Chalk, 
Upper Gre^nHiuuL 
Lower fireen.HiiiKl. 



Cycloid. 



id. i 

■id. f 



IJiitue, by Bones, 
l*ro<5Ct?lTan Crocodilm, 



MoH^tinitrufl. { 
Polyptyebudtm. I 



Weald Cby. 
Hjii^tingti Si^ind. 
Purb^k Be4»* — 
KiDQiaeridgiein. 
Oxfordiati. 
Kellovfan, 
For&Hl Mnrble. 

StoTie^field Sktc. 
Gmai (M\U\ 



1 



Iguatimlou. 
-Marfiupiab, — Cbtikiuia by Butie^i, 
FlidaauniH. 



'^^ 

o 



Bone Bed. _ 

U, New Bed £^ndstoiiL*. 

MuBcholkalk. 

Hunter. 



Marsiiplnld. 

Tcthyopterygm. 
-MAMMALIA^ 



/f/M 



AVES, by Foot -prints. 

Stturopterygia, 

LjibvHnnitidontia. 



s 



C7 S> 



Marl-Sand. 

MagDC^Un Limestone. 
L. New Red SiUidston*. 



Clicloni&« ly Foot print*. ^ -^^ 



Coiil-Meusiirei^, 
Myuntain Linit^Htooi'. 
Corbouift^rotis Slrile. 



REPTILIA gjinuceph. Jnstreiji 



0. Did Rtn] SmidMtoni' | 
CaitlinciMi Fliign. S 
L. Old Red Siitjdtftotio. ^ 
Lvidlow .^—^ — 



■/ 






W'etilock- 

C-ariftdoG 

Llaiideilo......... 

LingulA Fh§»^ . 
Cantlman. 



f gjinoid. 
plaixt'giiuoid. 
-PJSCESl plflcoid 




I 



Fucoidii. Zanpli)'tcii, 



'i«' 1. 



rATi^:ONTOLO(;Y. 



Desmidiiv, Greyarina\ and nio.st ()t* tlie Polt/f/asiria of Khruu- 
l>erg, or infusorial animalcules of older author's. 



AC KIT A OR Pkotozoa. 
Class T. — Amorphozoa.^ 

Fossil sponges take an inii)ortant place among tlie organic 
remains of the former world ; less on account of their gi'eat 
variety of form and structure, than because of the extraordi- 
nary abundance of individuals in certain stmta. In England 
they specially cliaracterize the chalk fomiation : extensive 
l>eds of silicified sponges occur in the upper greensand, 
and in some of the oolitic and carboniferous limestones. 
In Germany a member of the upper oolite is called the 
" spongitenkalk," from it^s numerous fossils of the present 
class. 

Existing sponges ai*e divided into horny, flinty, and limy, 
or " ccratose," *' silicious," and " calcareous," according to the 
substance of their liard sustaining parts, which pails are 
commonly in the shape of fine needles, or " spicuLi," of verv 
varied forms, but in many species of sutlicient constancy t«) 
characterize such species. The soft organic substance called 
"sarcode'' appears to be structureless, and is diffluent; it is 
uncontractile and impassive, but consist.s of an aggregate of 
more or less radiat<3d corpuscles, in some of which tlie tmc(? 
of a nucleus may be discerned. The lai^er orifices on the 
surface of a sponge are termed *'oscula," and are those out of 
which the currents of water flow: these enter by more nunuv 
rous and minute " pores." 

The calcareous sponges abound iu the oolitic and creta- 
ceous stnita, attaining their maximum of development in the 
elialk; they are, now almost extinct, <>r are rcpres(»nted by 

• Gr. a, wiflioiit : morphl% form ' ^-'^' ^'***' 
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other families witli caleiireous spieiila. The horny sponges 
appear to be more abundant now than in the ancient seas, but 
tlieir remains are only recognisable in those instances where 
they were charged with silicions spicula. 

M. dX)rbigny enumerates 3G genem and 427 sj^ecies of 
fossil sponges ; and this is probably only a small })ropoi*tion 
of the actual number in museums, as the difficulty of deter- 
mining the limits of the species is veiy great, and many 
remain undescribed. 

Palmospongia and AcautJujsfour/ia occur in the lower Silu- 




Fiij. 2. 
Ainorpho:.oa ; Rhhopoda. 

1. Siplionia pyriforiiii.s, (ioKlf. ; Greeiisand, Blackdown. 

2. (iiifttardia Thiolati, D'Airli. ; U. Chalk, nianitz. 

3. Ventiiciilil*;s radiatus, iMant. ; U. Chall, Sussex. 

4. Mauoii osculit'oruin, I'liil. ; //. (%tUc, Yorkshire. 

5. FuHuIiiia c^ lintlrica, Fisch. ; Carhonl/croux, Utishia. 

6. Flabelliiia rugoHii, D'Orb. ; Chalk, VAimyn'. 

7. Lituola iiautiloitlca, liain. ; Chalk, Kun)pe, 

8. Nummulites nuiuiuularia, Bni^. ; Eocene, Old World. 

9. Orbitoides media, D'Arch. ; U. Chalk, France. 
10. Ovulites margaritula, T>an». ; Chalk, Europe. 



rian ; and Stromatopora, with its concentrically laminated 
masses, attains a lai'ge size in the Wenlock lijnestonc. Stc- 
ijanodictymn, Spars ispontjiUy and s})ecics of Sct/phia, are found 
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iu the Devonian, and Bothroconis MamUloporOy and Tragos, 
in the Permian or magnesian, limestone. Sevei-al genera are 
common to tlie trias and oolites, and seveml more are peculiar 
to tlie latter strata The Oxfordian sponges belong chiefly to 
tlie genera Eudea, Hijrpalimtts, Cribrispongiay Stdlisponz/ia^ 
and Cupidvipo7igia, Their fibrous skeleton appears to have 
been entirely calcareous, and often very solid ; their form is 
cup-shaped, or mammillated, or incrusting, and many have a 
sieve-like appearance, from the regular distribution of the 
excurrent orifices over their surface. 

The greensand of Faringdon in Berkshire is a stratum 
pmlific in sponges, chiefly cup-shaped and calcareous, of the 
genera Scyphia and Cheneiidopoi'a ; or mammillated, like 
Ctumidiiim and Verticillo2yora. The Kentish rag is full of 
sponges, which are most apparent on the water-worn sides of 
fissures. Some beds are so full of silicious spicula as to irritate 
the hands of the quarrymen working those beds. The green- 
sand of Blackdown is famous for the number and perfect 
preservation of its peai^shaped Siphonicc (fig. 2, i) ; whilst 
those of Warminster are ornamented with three or more lobes. 
The latter locality is the richest in England for large cup- 
shaped and branching sponges (Polypothccia), which are all 
silicified : the long stems of these sponges have been mistaken 
for bones. The sponges, chiefly Siphonicc, of the upper green- 
sand of Farnham are infiltrated with phosphate of lime, and 
have been used in agriculture. 

The sponges of the chalk belong to several distinct families. 
Choanites resembles the Siphoniay but is sessile, and exhibits 
in section, or in weathered specimens, a spiral tube winding 
round the central cavity. It is the commonest sponge in the 
Brighton brooch-pebbles. Others are irregularly cui>-shaped 
and calcareous ; and many of the Wiltshire flints have a 
nucleus of branching sponge (S. clavellata). The chalk flints, 
an*anged in regular layers, or built up in columns of ** Para- 
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inoudrce/' all contain traces of sponge structure, and their 
origin is in some measure connected with the periodic growtli 
of large crops of sponges. Frequently the cmst or outer 
surface only of the sponge has been silicified, while the centre 
has decayed, leaving a botryoidal or stalactitic cavity. The 
cup-sha[>ed sponges are almost always more or less enveloped 
with flint, which invests the stem and lines the interior, leaving 
the rim exposed. Tlie sponges of the Yorkshire chalk are of 
a dilfei-ent character: some are elongated and radicifoiin, 
othei's horizontally expanded, but they contain comparatively 
little silica ; w^hile those belonging to the genus Manoii 
(fig. 2, 4 ), having prominent " oscula,'' are superficially silici- 
fied, and w ill bear immersion and cleaning with hydrochloric 
acid. The largest group of chalk sponges, typified by Ventri- 
culites (fig. 2, 3), have the form of a cup or funnel, slender or 
expanded, or folded into star-like shape (Gicettardia, fig. 2, 2), 
with ]Tocesses from the angles to give them firmer attach- 
ment. Some have a tortuous or labyrinthic outline, and 
others ace branched or compound, like Brachiolites, Curious 
sections of these may be obtained from specimens enveloped 
with flint or pyrites. The burrowing sponge, Cliona, is com- 
monly found in shells of the teitiaries and chalk. The great 
cretaceous Eocogyrce of the United States are frequently mined 
by them: and flint casts of Belemnites and Inocerarrii are 
often covered by their ramifying cells and fibres. Tliin sec- 
tions of chalk flints, when polished and examined with the 
microscope, sometimes exhibit minute spheiical bodies (Spini- 
feriies) covered with radiating and multicuspid spines. Froin 
their close resemblance to the little fresh-water organism 
XanthidiuM, they long bore that name ; but they are certaii\ly 
marine bodies, and probably the spores of sponges. 

The generic forms of sponge augment in number and 
variety from the silurian to the cretaceous beds, where the 
increase is rapid. But all those, like Siphoiiia^ Sparsipmigia^ 
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Alitor phospo^yj lily wliich liavc? a stony roticulate franie, witliout 
spiculie, and are grouped together as Petrospoiigiada^ passed 
away with the secoiidnry epoeh, and the family has no repre- 
sentatives in tertiary deposits or existing seas. 

Class II. — Khizopoda.* 

The organisms of this class are small and for the most 
part of microscopic minuteness, of a simple gelatinous 
structure, commonly protected by a shell. The most simple 
rhizopods, called Atmebay present a globular form when 
contracted, but can extend portions of tlieir substance (** sar- 
code") like roots, and use them to draw along the rest 
of the mass, like the feet or tentacles of polyps, whence 
the name of the class. These root-like processes can also 
attach themselves to foreign particles, and draw them into 
the "sarcode," where the soluble organic part, so **intus-sus- 
cepted," may be assimilated, the insoluble part being extruded. 
A solid hyaline corpuscle or nucleus is commonly discernible 
in the interior of the Anudxi, sometimes accompanied by one 
or more clear contractile vesicles. When the productions of 
the sarcode are numerous, filiform, and seemingly constant, 
mdiating from all paits of the body, the rliizo])od pi*esents the 
characters oi Aciinopkrys. Wien tlie tentacles are produced 
from only one extremity of the body Me have the genus 
Pamphatjus. When such a ihizopod is enclosed in a mem- 
branous sac it is a Dijfluyia; if the sac be discoid with a slit 
on the fiat surface for the })rotrusion of the tentacles, it is an 
Arcella. In other rhizopods the sac is calcified, or becomes a 
. " shell," which is sometimes simple, but usually consists of an 
aggregate of chambers, inter-comnmnicating by minute apei^ 
tures, whence the name Foraminifera given to the testaceous 
rhizopods. These chambers grow by successive gemmation 

• Or. rkha. root ; pons, foot. 
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fiH)iu a primordial segment, suiuetimes iu a straight liue, moiv 
commonly in a spiml curve ; and each segment so develoi>ed 
has it« own shelly envelope. As, however, they are oi-ganically 
ooimect^d, the whole seems to form a " chambered '' or " poly- 
thalamous " shell. The last-formed segment is usually 
distinguished by the veiy long, slender, pellucid, colourless, 
contractile filaments which have suggested the name " Rhizo- 
pods *' for the class. But, in the Foraminifera, both the outer 
wall and the septa of the compound shell aix) perforated by 
minute apertures, through which either connecting or pro- 
jecting filaments of the soft organic tissue can pass. The 
several segments or jelly-filled chambers are essentially 
repetitions of each other ; and there is no proof that the inner 
and earlier segments derive their nourishment from the outer 
and last-formed one. A foraminifer may therefore be regarded 
either as a series of individuals, oi-ganically united, or as a 
single aggregate being, compounded according to the law of 
vegetative repetition. 

The minute chambered shells of Foi'avmdfera enter 
largely into the composition of all the sedimentaiy strata, 
and are so abundant in many common and familiar materials, 
like the chalk, as to justify the expression of Buflbn, that the 
very dust had been alive. The deep-sea soundings of the 
Atlantic Telegraph Company, and those since taken midway 
between Rockall and Cape Farewell, have shewn that the bed 
of that great ocean, at a depth approaching, or even exceeding, 
two miles, is composed of little else than the calcareous shells 
oi a Globi/jerina and a few other lUiizopods, with the silicious 
shields of the allied Polycystinccc, The composition of the 
chalk is extremely similar : when the finer portion, amounting 
to half or even less, has been washed away, the remaining 
sediment consists almost entirely of foraminated shells, some 
perfect, others in various stages of disintegration. They have 
also been found in other marine fonuations, which are soft 
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♦enough to Ije waslied, down to the Lower Silurian : and in tlie 
haril limestones and marbles they can be detected in polished 
rt<;ctions, an<l in thin slices laid on glass. The greater part of 
these* shells an* micrijscopic, but some of the large extinct 
foraniinifers, called, fnjm i-eseiiibling a piece of money, ** Nuni- 
niulites," are two inches in diameter. 

The generic divisions in common use for these shells are 
founded ujH»n the plan of growth, or mode of numerical 
increase of the chambers. Tlie following are the primar}' 
grouj)S of Rhizojtoila in the system of d'Orbigny : — 

1. MonoMeja, — Kody consist in j^ of a single segment: shell of 

one chamber. 

2. Stichostcga, — I3oily composed of segments disix)sed in a 

single line : shell consisting of a linear series of 
chaml)ei-s. 
*^. Helicostejiu — Ik)dy consisting of a spind series of segments : 
shell made up of a number of convolutions. 

4. E)itomostega, — I3ody consisting of alteniate segments spirally 

arranged : shell chambers disposed on two alternating 
axes forming a spind. 

5. Eiudlostcga. — Ik)dy composed of alternate segments not 

forming a spiral : chambers arranged on two or three 
axes which do not form a spiral. 

6. Af/athi8t€{fa. — Body consisting of segments wound round 

an axis : chambers an-anged in a similar manner, each 
investing half the entire circumference. 

A somewhat different arrangement has been adopted by 
Schultze, who divides the Polytlutlamia into three sections, 
viz. — 

I. Ifclicoidea, including those forms in which the several 
chambei*8 of the shell are an-anged in a convolute 
series, and answering to the last four onlei*s of d'Oi^ 
bigny. 
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2. Rhabdoidea, in which they ai-e x>laced iu a direct line 

{Siichostega, d'Orb.); and 

3. Soroidea, where they are disposed in an irregular manner 

{Acervulina), 

Lagena is a genus of the MonoBtegOy or single-chambered 
foraminifers, with a flask-shaped shell, sometimes presenting 
a beautiful fluted exterior. Entosolenia is like a Lagetuiy with 
the tubular neck inverted into the cavity of the shell. 

Among the many-chambered foraminifers the modifica- 
tions of form seem endless. Nodosaria resembles a cylin- 
drical beaded rod : Crtstellaria begins by being spiral and 
afterwards becomes straight : most species are w^holly spiral : 
in some, as NummtditeSy the convolutions are on the same 
plane : in many the spiral turns obliquely round an axis, and 
gives the shell a trochoid fonn. 

Upwards of six hundred and fifty-seven fossil species, 
belonging to seventy-three genera, have been described : they 
commence in the palaeozoic age, increase in number and 
variety with each successive stratum, and attain their maxi- 
mum in the present seas. Most of the fossil genera, and 
even some of the species, pass through many formations ; 
indeed, if correctly observed, the existing forms are the oldest 
knowTi living organisms. Dentalina communis^ Orhitolites 
complancUuSy RoscUina italica, and Rotalina globulosa, all living 
species, are said to be found in the chalk ; Rotalina umhi- 
licata ranges to the gault ; and Webhina rugosa is common to 
the upper lias, the chalk, and present sea. It has, however, 
been observed, that fossil Ehizopods, set free by the disinte- 
gration of rocks, are mingled with the recent shells on every 
beach; and they have been obtained in this condition from 
great depths of the mid-channel. 

The earliest important form is the Fusulina (fig. 2, s), 
which forms layers manv inches, or even feet in thickness in 
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the carboniferous limestone of Eussia. The recent geiiei-a 
Dcntalina and Textularia are foiuid in the niagnesian lime- 
stone ; Nodosaria, Cristellaria, and Rotalia, in the lias. Fla- 
Mlina (fig. 2, 6) is peculiar to the chalk ; Orbitoides (fig. 2, 9) 
to the chalk and tertiary series ; Ovulites (fig. 2, 10) is peculiar 
to the eocene and Frondicidina to the miocene t^rtiaries; 
Operculina, (h^biiolites, and Alveolina api>ear first in the 
tertiary, and are still living. Lituola (fig. 2, 7) occurs in the 
chalk and chalk flints, and some species with chambers filled 
by a chalky porous matter have been referred to a genus 
Sinroliiia. Many of the cretaceous fommiiiifers contain a 
brown colouring matter, which remains after the shell has 
been dissolved with weak acid, and has been regarded as the 
i-emains of the organic substance which once filled all the 
(jells. 

The lower eocene beds in the " calcaire grossier," which 
are employed at Paris as a building-stone, contain fora- 
minifers in such abundance that one may say the capital of 
France is almost constructed of those minute and complex 
shells. 

But it is in the middle eocene, or '* nummulitic period," 
that the Khizopods attained their gi-eatest size, and played 
their most important part. Wherever limestones or calcare- 
ous sands of this period are met with, these coin-shaped shells 
abound, and literally form strata which m the aggregate 
become mountain masses. The " nummulitic limestones are 
found in Southern Europe, in Northern Africa, and in India ; 
they also occur in Jamaica. The commonest form is the 
true Nummulite (fig. 2, 8), which occui-s in the building-stone 
of the Great Pyramid. The Kummulitcs were evidently 
sedentary oi*ganisms ; and in the large thin species, one side 
is moulded to the inequalities of the sea-bed on which it 
grew. 

Pnlt/n/sh'netr.—TliQ tertiary marls of Barbadoos afforded 
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to Ehrenbei-g an extensive series of novel and extraordinaiy 
microscopic oi-ganisms, composed of silica, but foraminated 
like the shells of the Ehizopods. Th(» same forms, and others 
similar to them, have been met with in the deep-sea mud of 
the Gulf of the Erebus and Terror, and more recently in the 
mud of the North Atlantic soundings. Tliey are quite dis- 
tinct in form and character from most of the silicious-shielded 
Diatomav4:(r^ but some of them resemble the Cosdnodiscus and 
Aciinocycliis. No less than 282 forms, grouped in 44 provi- 
sional genei'a, have been described. 



Class 111. — Infusoria.* 

(PnJfjgti^triUf Ehrenberg.) 

Numei-oiis genera and multitudes of so-called species of 
free and locomotive microscopic organisms, which, l)ecause 
they do not present the distinctive characters of ])lants or 
animals, have been by turns referred to one or other kingdom, 
possess shells of flint, and consequently enter largely into the 
domain of fossil evidences of former life. Tlie silicious shells 
of Infusoria, though not chambered or foraminatcd, present 
under the microscope definite and beautiful characters of 
form and sculpture, as recognisable and distinctive as those 
of the calcareous shells of MoUusca. The plates of the incom- 
l)arable works and memoii*s of Ehrenberg abound with exact 
figures of the delicate sheaths, shells, and shields of the lori- 
eated Infusoria of past and j)resent terns of life, the deposit«< 
of which, by reason of their pure, flinty, atomic constitution, 
Mere known in the arts long before science had detected their 
nature and vital origin. In 1836 pod ions of the stone called 
"trij»oli'' or *' poliei'scliiefer'' (polishing- slate of lapidaries) 

* Tlioso aiiiinalculoB arc roa«Hl}- ohtniiHMl from innisions of organic malloiR 
in water. 
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were microscopically examined by Ehreiiberg, who discovered 
it to be wholly composed of the silicious shells of Infusoria, 
and chiefly of an extinct species called OaUlonella distaiis. At 
Bilin, in Bohemia, there is a single stmtum of polierschiefer, 
not less than fourteen feet tliick, forming the upper layer of a 
hill, in every cubic inch of which there ai-e forty-one thousand 
millions of the above-named organic unit. Tliis minei*al like- 
wise contains shells of Navictda, Bacillaria^ Actinocydus^ and 
other silicious oi-ganisms. The lower part of the stratum con- 
sists of the shells compacted together without any visible 
cement ; in the upper masses the shells arc cemented together, 
and filled by amori)hou8 silicious matter formed out of dissolved 
shells. At Egea, in Bohemia, there is a statum of two miles 
in length, and averaging twenty-eight feet in thickness, of 
wdiich the uppermost ten feet are composed wholly of the 
sicilious shells of Infusoria, including the beautiful Campylo- 
discus; the remaining eighteen feet consist of the shells mixed 
with a pulverulent substance. Corresponding deposits of the 
silicious cases of Infusoria have since been discovered in 
many other parts of the world, some including fresh-water 
species, others marine species of Infusoria. 

The conditions of such depositions will be readily under- 
stood by examining the sedimentaiy deposits of bogs and of 
stagnant or slow-flowing sheets of water. In warm latitudes 
and seasons, such water swarms with infusorial life, and the 
indestructible cases of the loricated kinds are found in great 
quantities in the sedimentary deposits. Beneath peat bogs 
they have been found to form strata of many feet in thickness, 
and co-extensive with the turbary, forming a silicious marl of 
pure whiteness. A quantity of pulverulent matter is deposited 
upon the shores of the lake near Ui-anea, in Sweden, which, 
from its extreme fineness, resembles flour : this has long been 
known to the poorer inhabitants under tlie name of " berg- 
mehl," or mountain-meal, and is used by them, mixed up with 
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flour as an article of food. It consists in great part of silicious 
shells of Infusoria, with a little organic matter. With regard 
to the source of fossil infusorial remains in sea-water, the fol- 
lowing evidence is given in the United States Coast Survey^ 
1856 :— 

Soundings of the gulf-stream near Key Siscayne, Florida, 
varying in dej^ths from 147 fathoms to 205 fathoms, give a 
hght greenish-grey mud composed chiefly of Foraminifei-s, 
Diatoms, Polycystins, and Geolites, in a profusion only sur- 
passed by the fossil polycystinous strata of Barbadoes. The 
foraminifers compose the largest part of these muds, including 
TexttUaria Americana, Marginula Bachei^ and other forms, 
particularly many species of the Plicatilia of Ehrenberg, 
which had been supposed to live only in shallower haunts. 
The silicious shells of Diatoms abound in the residue, after 
the calcareous foraminifers have been dissolved by acid. The 
inorganic x>ortion of the soundings is chiefly quartz sand, and 
its proportion is quite small. 

Such manifestations of life, with its mineral i-esults, have 
been detected from the earliest sedimentary deposits to the 
present time ; but as regards the Infusoria, they are given on 
the grandest scale in formations of the tertiary age. The 
town of Eichmond, in Virginia, United States, is built on 
barren silicious strata of marine origin and tertiary age. The 
strata are twenty feet in thickness, composed chiefly of infu- 
sorial flint-shells, including the well-known and beautiful 
microscopic objects, Actinocyclvs and Coscinodiscus, 

Most of the infusorial formations, as the polishing-slates 
at Cassel, Planitz, and Bilin, are astounding monuments of 
the operation of microscopic organisms at former periods of 
the histojy of this planet. The minute size, elementaiy struc- 
ture, tenacity of life, and marvellous reproductive power of 
the Infusoria have enabled them to survive as species those 
changes which have exterminated contemporaneous higher 
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or^auisms. Species of Bacillana still exist wliicli were iu 
l)eiiig at the period of the deposition of the chalk. Existing 
species of Diatoinacccv have been detected as low down as the 
oolite. The discoveiy by Ehi-enbei-g of more than twenty 
species of silicious-shelled Infusoria fossil, in the chalk and 
chalk-marls, which are identical in species with some now 
living in the bed of the Baltic, is an instructive addition to 
the obscure history of the introduction of species of living 
things in this planet, and must add greatly to the interest of 
the infusorial class in the eyes of the geologist and philosopher. 
** For these organisms," writes Ehrenberg, ** constitute a chain 
which, though in the individual link it be microscopic, yet in 
the mass is a mighty one, connecting the life phenomena of 
distant ages of the earth, and proving that the dawn of the 
oi-ganic nature co-existent with us reaches fuilher back in 
the history of the earth than had hitherto been suspected." 
**The microscopic organisms are very inferior in individual 
energy to lions and elephants, but in their united influences 
they ai-e far more important than all these animals.'' 

If it be ever permitted to man to penetrate the mystery 
which enshrouds the origin of oi-ganic force iii the wide-spread 
mud-beds of fi-esh and salt watere, it will be, most probably, 
by experiment and observation on the atoms w^hich manifest 
the simplest conditions of life. 
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INVEKTEBRATA. 

Kemains of invertebrate animals occui- in strata of every 
age, from the partially metamorphic and crystalline ix)cks of 
the Cambrian system to the deposits formed l)y the floods of 
last winter, and the tides of yesterday. They are found in 
every country, from the highest latitude attained by Arctic 
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voyagers to the extremities of the southern continents, and at 
the greatest elevation hitherto climbed in the Andes or Hima- 
layas. If some classes — e,g.y Tunicata, Acalephce — seem not to 
be represented in stratified deposits, they are such as, from 
the soluble or perishable tissues composing the entire frame, 
at least under one of their metagnetic phases, could not be 
expected to be fossilized under any conceivable circumstances. 
Evidence, however, of compound Hydrozoa — t. c, of the 
polypes which Ellis called ** Corallines" — and especially of 
the genus Campanularia, would shew that the acalephal type 
and grade of organization had been manifested at the period 
of the formation of the strata containing such fossil Polypi.* 
With the above seeming exceptions, every class of inverte- 
brate animal is represented by fossil remains. 

They consist of corals and shells, of the crusts of star- 
fishes and sea-urchins, of the coverings of crabs and insects, 
of the tracks and shelly habitations of worms, and of impres- 
sions of surfaces and casts of cavities of soft invertebrates, 
retained by the matrix after the animals had perished. 

The condition in which such fossils occur depends on the 
nature of the matrix and other accidental circumstances ; for 
while some ai'e scarcely altered in composition, or even in 
colour, others are silicified or infiltrated with carbonate of 
Ume, and every part of the original may have been dissolved 
away and replaced by another mineral substance, atom after 
atom, in the rock which contained it. These evidences of 
former life may come into view by fracture of the rock or 
by exposure to the weather ; faither insight may be gained by 
the action of acid ; and some require the chisel of the mason 
or the mill of the lapidary for the proper exhibition of their 
stracture. 

Multitudes of recent species are fossilized in the newer 
tertiaries whose history can be made out perfectly from living 

• Owen, "licctures on Invertebmta," 1855, p. 159. 
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specimens ; but the uumber of tliese diiiiinishes gradually in 
each older stratum, while the proportion of extinct forms is 
ever on tlie increase. No living species more highly organized 
than a Rliizopod is found in the secondary rocks. Eecent 
geiiera extend further back in time ; indeed a few may be 
recognised in strata of palteozoic age, shedding a light on the 
probable affinities and conditions of their associates. Many 
of the smaller groups of genera, called families^ disappear in 
the secondary, and still more in the palaeozoic period, and are 
to a limited extent replaced by groups which no longer exist. 
But as to the lai-ger groups of acrite organisms and of inverte- 
brate animals, it may be affirmed that every known fossil 
belongs to some one or other of the existing classes ; and that 
the oi'ganic remains of the most ancient fossiliferous strata do 
not indicate or suggest that any earlier and different group of 
beings remains to be discovered, or has been irretrievably lost, 
in the universal metamorphism of the oldest rocks. 



Province I.— RADIATA.* 

Suh-Pravi7ice POLYPI. 

A polype is a small soft-bodied aquatic animal which 
generally presents a cylindrical oval or oblong body, with 
an aperture at one of its extremities surrounded by a crewn 
of radiating filaments or *' tentacles.'' This aperture leads to 
the digestive cavity, which, in most Polypes, is without intes- 
tine or vent. A very large proportion of these animals has 
organs of suppoi-t called "polyparies" or corals, of various 
form and substance, but for the most part consisting of car- 
bonate of lime ; and, as a general rule, locomotion is lost with 

• For the cfaaracteristic organization of the provinces, classes, orders, and 
families of InvertebrcUay reference niav be made to the writer*8 " JjecturcH on 
Invertebrata," 8vo, Ix)ngman8, 1866. 
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the development of the polypary, wliieli usaially attaches the 
polyi)e to some foreign body. The organization of the soft 
tissues is in general simple ; the faculties of the Polypes are 
very limited ; and the vital phenomena, save those of irrita- 
bihty and contractility, are inconspicuous. Nevertheless, the 
influence of the combined powei-s of some of the species, in 
adding to and modifying the crust of the earth, is neitlier 
shght nor of limited extent. 

Class I.— HYDROZOA.* 

Char, — Polypary, when present, flexible, external; for the 
most part developing cells for tlie polypes according to 
regular patterns. 

Family I. — GRAProLixiDi*:. 

To this class may probably belong the organic remains 
called " Graptolites,'* which are exclusively and characteris- 
tically Silurian fossils. A certain knowledge of their affinities 
would require examinatiim of the soft parts ; and the family 
has long been extinct. Indications of the flexible consistency 
of the polypary, and M. Barmnde's statement of the existence 
of a cylindrical canal in its axis, which he conjectures to have 
contained the common connecting tissue of the polypes, have 
weighed with the writer in placing the Graptolites provision- 
ally in the present class of Polypi. The axis of the polypary is 
sometimes straight (fig. 3, 3), sometimes spiral (fig. 3, 6). The 
ordinary form, as given by the Graptolites jyriodon (fig. 3, 3); 
is serrated on one side only, and is found abundantly in the 
Cambrian*or older Silurian beds of Scotland and Wales; it 
occuis also in the Ludlow rocks. The double Graptolites 
{IHplograpsua fig. 3, 5, and Didy7nograpsit$ fig. 3, 4) are Cam- 
brian forms. Rastrites (fig. 3, 6) had the polypes only in one 

« Op. cit. cd. 1843, p. 82. 
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side, and they are less crowded: it characterises Barrande's 
division E of the Lower Silurian beds of Bohemia,* and 
occurs in the Llandeilo rocks in Britain. The Graptolites 
abound in argillaceous strata, especially in the mud-stones of 
Wales in Cumberland, and in the alum-slates of Sweden. 




Fi>. 3. 

Ilydrozoa ; Anihozoa ; Bryozoo. 

I. Protovirgularia dichotoma, M'C. ; Silurian^ Dumfries, 
a. Oldhamia antiqua, Forbes ; Camhriant Wicklow. 

3. Graptolites priodon, Brun. ; Silurian, Britain. 

4. Didymograpsus Murchisoni, Beck ; L. Silurian^ Wales. 

5. Diplograpsus folium, His. ; L. Silurian, Britain. 

6. Rastrites peregrinus, Ban* ; SUurian, Bohemia. 

7. Ccenites juniperinus, Eicbw. ; U. Silurian, Dudley. 

8. Ptilodictya lanccolata, lionsd. ; U, Silurian, Tortworth. 

9. Archimedipora Archimedea, Lesuer. ; Carboniferous, Kentucky. 

10. Ptilopora pluma, M*C. ; Carboniferous, Ireland. 

11. Fenestrella membranacea, Ph.; Carboniferous, Britain. 



These beds remind one of the mud bottoms in which the 
Virgularia and other long and slender graptolitic forms of 
" Pennatulidae" flourish in forest-like crowds. Thfe primeval 
Graptolite may have presented a more generalized polype 
structure than is now met with in the specially differentiated 
Sertularians and sea-pens. 

• " Graptolites de Boh^me," 8vo, 1850. 
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Interestiug from a like liigh antiquity are the impressions 
on the Cambrian slates of Wicklow, resembling specimens of 
the SertiUaria argentect, and whieli ai^e referred to the })olype- 
genus Oldhamia, One species (fig. 3, 2) presents an axis with 
radiating groups of branches diverging alternately at regular 
intervals from either side. The original flexibility of the 
compound organism is shewn by the confused and compressed 
state in which the whole mass is sometimes found, and from 
the more or less folded state of the little fans. Oldhamia 
may be " brj^ozoal,'' but, if the interpretation of the parts 
springing from the axils, as " oviferous capsules," be correct,* 
the genus is " hydrozoal." 



Class II.— ANTHOZOA. 

In this class of Polypes the tentacles are hollow, and, in 
most, with pectinated margins. The polj^ary is usually in- 
ternal, and forms the bodies more properly called " corals " 
and '* madrepores.'' 

Great doubt attaches to some of the fossils referred to this 
class of Polypi. The terms "Gorgonia" and "Alcyonium'* 
have been applied to objects not well understood, and usually 
proving to be Bryozoa and sponges. The Lower Silurian 
fossil called PyrUonema consists of a fasciculus of silicious 
fibres, and has been supposed to be related to the glass 
zoophyte (Hyalonema), The miocene deposits of Piedmont 
contain a species of the Mediterranean genus Coralliumy an 
AntipaiheSy and an Im (or Isisina, d'Orb.), which is also 
found in Malta. The London clay contains one coral (Gra- 
phularid), referred to the Pennatulidoe, and two Oorgonidce 
{Mojpsea and Websteria). This is the earliest authentic evi- 
dence of the family of existing Anthozoa characterised by a 

* Kinahan, Trans, of the R. Irish Acad., xxxiii. p. 547. 
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liraiiclMMl (tah'Hi'eous firm or Hexible axis, covered hy a Hesliy 
Hul)Htaii(M? Htrengtliened l)y calcareous sj)icula% and serving U) 
lodge tlu; polypes. 

Tlie lanudliferous or stony comLs, in which the polypes 
withdrew into calcareous plaited cells on the surface of a 
(ralcar(H)us inflexil)le axis, are (next U) the Testacea) the largest 
and most inipoi-tant class of invertebrate fossils. They 
attainc»(l a great development in the earliest seas, and were 
pcu'haps more widely diffused and individually abundant in 
the Silurian ago than at any subsequent period. "Eeef- 
building*' comls are now confined to warm seas, and are 
wanting even on great tmcts of tnipical coast. The Ocnlina 
is the only lai-ge cond now found in the north. But in 
paheozoie times i\\v it'prcsent^^tives of the modern Astneas 
ami Caryophyllias extended as far northward as Arctic^ 
voyageiN have penetnited; and at a much later period they 
formtnl n'ofs of considemble thickness and extent in the area 
of t he comlline oolitt*. The Silurian limestone of Wenlock Edge 
is itself a cond-ivef thii'ty miles in length : and the Plymouth 
limestone and carlmnifemtis limestone have frequently the 
asjHvt of cond-banks skirting the older regions of Cambrian 
slate and l>evimian *• killas." The structuix^ of coral-banks 
nuiy Ih* studied in the lofty limestone elites of C'heildar, and 
in the wavi^worn v^lu>ix\s of I/nigh Krne, as well as in the coral 
ishuuls of the soutluTU seju^ upheavinl by earthquakes of the 
la^st century. In the fields alnnit Sun^pU^Ashton, ever}' stone 
turnoil up by tlu» plough is a in^ral : and our inland quarries 
and chalk pitvS atVonl to the jijiliiH>ntoh>gist materials for the 
study of a ehv^s tvlnu^t wholly wanting on the present sea- 
slumps of Kun>iH\ Tlu» history of the British fossil corals, as 
given by Milne Kilwanls and Haime in the "Monographs of 
the l\ibH>nt^>gn\phical Svietyf exhibits, et|uallY with that of 
the f\vssil shells by i>lher authors, a tninsition from a state 
Nvry ditiRmnit fnnu that which lunv subsists in our part of 
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e world, and a gradual approximation to the i)resent onler 
things. 

In the palaeozoic strata the corals belong chiefly to two 
tinct orders ; those of the secondary period more resemble 
ring corals of wanner climates than ours; and the few 
rtiary genera and species resemble those of Southern 
iTope and our own coast. 

One large group {Cyathophyllidce) of palaeozoic corals 
esents a quadripartite character of the plaited cups or 
firs ; whereas tlie lamellae of the polype-cells of later and 
odem families of Anthozoa are developed in multiples 

6. A remarkable exception, however, exists in the 
docystis (fig. 5, 8), an Astrea-like coral with quadripartite 
ars, which is foimd in the lower greensand. The old-rock 
rals are also remarkable for the manner in which they are 
irtitioned ofif by horizontal "tabulae*' (fig. 4, 3), like the septa 

the Nautilus and Spoudylus, Tliis character obtains not 
ily in the Cyathvphyllidcc, but also in the Milleporidw, Favo- 
tidit, and other palaeozoic families. Of the 129 Silurian 
►rals, 121 belong to the tabulated divisions. 

The Devonian system contains about 150 described corals, 
le carboniferous limestone 76, and tlie magnesian limestone 
ily 5 or 6. The commonest fonns of simple, turbinated 
)rals, are Cyxthophyllum (fig. 4, 2 and 3), which exhiljits four 
ight/osswte in its cup, and is often supported by root-like 
rocesses. In Zaphrentis (fig. 4,5), there is but one deep 
tssula. Amplexus (fig. 4, i) is a characteristic carboniferous 
fisil, nearly cylindrical, and often so strait and regular in 
3 growth as to have been originally described as a chambered 
lell. The radiating septa are very slight, and the horizontal 
irtitions simple, flat, and almost as regular as the septa of 
le Orthoceras. In the Silurian Cystiphyllum (fig. 4, 4) the 
mellae are also evanescent ; but the tahdce are represented 
Y numerous vesicular plates. The corals of these genera are 



26 



PAUliUNTOLOGY. 



not always solitary, or merely in groups; some species of 
Cyatlwphyllum constantly form compound masses, with cups 
rendered polygonal by contact, like C. regium of the Bristol 
limestone. The allied genus Acervularia (fig. 4, 8) resembles 
an Astroctty and exhibits, in a remarkable manner, the multi- 
plication of its corallites by calicular gemmation. The genus 




Fig. 4. 

PaUftozoic CoraJs {Anthozoa). 

I. Amplexus Sowerbyi, Ph.; Carboniferous, Ireland. 

1. Cyathophyllum turbinatum, IJn.; U. Silvrian, Wenlock. 

3. Cyathophyllum Rubturbinatum (section) ; U. Silurian^ Wenlock. 

4. Cystiphyllum Siluriense, Lonsd. ; U. Silurian, Wenlock. 

5. ZaphrentiB PhilHpBi, M. Edw. ; Carboniferous, Somerset. 

6. Lithodendron irregulare, Ph. ; Carboniferous, Europe. 

7. Lithofitrotion striatum, Flem. ; Carboniferous, Europe. 

8. Acervularia luxurians, Eich. ; U. Silurian, Europe. 

9. Hcliolites intcrstincta, Wahl. ; U. Silurian, Europe. 

10. Syringopora ramulosa, Goldf. ; Carboniferous, Europe. 

11. Halysites catenulatus, L. ; Silurian, Northern Regions. 
II. FavoHitea Gothlandica, Lam. ; Silurian, North. 



Lithostrotion (fig. 4, 7) of the carboniferous limestone is also 
compact and astra?iform, but the new coraUites are produced 
by lateral gemmation. Corals, with the same structure, but 
not compact^ are known by the name Lithodendron (fig. 4, 6). 
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Tlie "chain-coraP Haly sites (fig. 4, n) and Sy^nngopora (fig. 
4-, 10 ) resemble, at first sight, the recent asteroid Tubiporida: : 
in Halysites the radiating septa are quite rudimentary ; and 
in Syringopora the tabulae are funnel-shaped, forming a central 
axis to each tube. The Favositidce (fig. 4, n) are mostly ver}' 
i-egular both as to their polygonal shape and transverse tabulae ; 
the cells of adjacent corallites are connected by pores, either 
in the sides or angles of the walls ; the septa are rudimentary. 
In the genus Choetetes the tubes are always slender, and much 
elongated, and their walls imperforate. Michdinia resembles 
the fruit of the Keluinbium ; it has vesicular tabulae and 
root-like processes to its basil plate. Heliolites (fig. 4, 9), of 
which many species are found in the Silurian and Devonian 
limestones, is related to the recent Milleporcr, The radiating 
septa are distinct, and the tabulae regular; the interspaces 
between the stars are filled uj) with fine and regular tubes. 
One genus of Fungidce (Palctocydvs) occurs in the Upper 
Silurian. 

The British secondarj' corals are not very numerous ; for 
although specimens abound in the coral-rag districts, only 
fourteen species are found in that fonnation. Altogether, 
sixty-five species are found in the English oolites, and twenty- 
two in the chalk and greensands. These are mostly Astrceida', 
or related to Fungia. Tliree common forms in the oolites are 
MontlivcUtia (fig. 5, 9), Stylina (fig. 5, 10) and TJiecosmilia (fig. 
5, n). The English cretaceous strata afford the Holocystis 
(fig. 5, 8), which is the most recent coral with quadripartite 
septa of the polype-cell ( s') ; Trochocyathus and Parasniilia 
(fig. 5, 6), resembling the recent Cyathina ; and the little 
*' Fungia** coronula (fig. 5, 3), described in two genera {Micra- 
bacia and Stephanophyllia) of distinct orders in the " Mono- 
graphs of the Palaeontographical Society.'* The lower chalk 
of France and Germany contains many other corals, especially 
Cyddites (fig. 5, s), Pachygyra (fig. 5, 7), and Diplodenium 
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BcdanophylUa^ all reputed extinct, although the first is very 
closely related to the living Sph^notrochus MacandreioL 

Tlie total number of fossil corals enumerated by M. 
d'Orbigny in the " Prodi'ome de Paldontologie," amounts to 
11 35, grouped under 2 IG genera. But notwithstanding all the 
labour which has been bestowed on this branch of palaeonto- 
logy by Goldfus, Michelin, Lonsdale, and Milne Edwards, 
species ai^e continually discovered or bmught home from 
abroad Avhicli are altogether new, and cannot be placed in any 
of the constituted genera. 

Class III.— BRYOZOA. 

Char. — Tentacles of the polype hollow, with ciliated margins ; 
alimentary canal with stomach, intestine, and anus; 
polypary, when present, external, honiy, and calcareous. 

The metamorphoses which the Bryozoa undergo are like 
those of the lower Polypi; the embryo developed from the 
ovum is an oval, discoid, or subdepressed body, w4th a geneml 
or partial ciliated surface, by which it enjoys a brief locomo- 
tive life after its liberation from the parent. The Bryozoa are 
allied to the compound Asddia ; but not one of the ascidian 
Molluscoids quits the ovum as a gemnmle swimming by 
means of cilia; and no Bryozoon quits the ovum in the guise 
of a Cercarian or tadpole, to swim abroad by the alternate 
inflexions of a caudal appendage. In a progressive and con- 
tinuous series of teachings, by pen or word of mouth, the 
place of an osculant or tmnsitional gi-oup is govenied by 
convenience, by considerations of how best to teach by 
comparison and easy gradation; and the Bryozoa^ whether 
regai-ded as the highest organized Radiates, or as the lowest 
organized MoUusks, are treated of accordingly, in the position 
here assigned to them. The practical palaeontologist finds him- 
self compelled, indeed, to arrange* and study the fossil Bryozoa 
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aloug with the corals, it' only ou accouut of the difficulty he, 
in many cases, experiences of determining to which class 
of Polypi his specimens belong. M. d'Orbigny, who has 
devoted much attention to this class, assigns more importance 
to the form than to the grouping of the cells. These are 
marked by " poi-es"* and " pits,** the variation of which helps in 
many mstances to the appreciation of minor natui'al groups ; 
but the members of such groups dififer greatly in the 
general form of the polypar}', which may be an encrusting 
sheet, or may rise in plates or in branching stems. The 
number of (jxtinct species must be great, since the Bryozoa of 
the chalk, which alone have been carefully examined, amount 
to 213 : while only two species are known from the trias, none 
at all fi'om the lias, and only five from the upper oolites, so 
rich in corals and sponges. In the ** Cours Elc^mentaire" of 
d'Orbigny the fossil Bryozoa ai-e stated to amount to 1676, 
distributed in 85 genera. 

Of the 19 or 20 palaiozoic genera, none extend into the 
secondary strata; but of the 18 oolitic genera, Entalophora 
and Defrancia range onwards to the tertiaries; and Akcto, 
Idnwnea, and Eschara still survive. The oldest known fossil, 
Oldlunnia (fig. 3, 2), has been supposed to be a Bryozoon, as has 
been likewise the Graptolitcs (fig. 3, 3). The most conmion 
palreozoic form is Feiustrclla (fig. 3, u ), resembling the recent 
"lace-coral"; there are 35 species, mnging from the Lower 
Silurian to the Permian. One of its modifications resembles 
a feather {Ptiloporay fig. 3, 10), and is foimd in the carbonifei^ 
ous limestone. Another, more remarkable, has a spiral axis 
{ArcJmiicdipora, fig. 3, 9), and occui*s in the same formation in 
Kentucky. One of the oldest genera is Piihdictya (fig. 3, 8), 
of which seven species are found in the Lower Silurian forma- 
tions. The slabs of Silurian limestone obtained at Dudley are 
covered with myriads of small and delicate fossils, including 
many Bn/ozoa. Some of these are spread like a film over 
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other t\)ssils, and have been doubtfully referred to tlie modern 
genera Discopora and Berenicea; othere, with slender branches, 
and erect or creeping, are called Milleporas, Heteroporas, and 
Escharinas. The genus Ccenites (fig. 8,7), perhaps belongs 
here. The magnesian limestone contains several large "lace- 
corals" of the genera FenestreUa, Synodadia, and Phyllophora; 
and two branching species of Thamniscus and Acanthocladia. 
The oolites atibrd many small incrusting species related to 
Diastopora, and bmnching forms like Terebellaria and 
Chrysaora. In the chalk, ths Escliaras are most numerous, 
and Lunulite^ and Capmlaria first appear. Some thin beds 
of the lower chalk are almost composed of Bryozoa, mingled 
with Foraminifei*a, The coraline cmg of Sufiiblk takes its 
name from the great abundance of Bryozoa it contains, among 
which Eschara^ Cellepora, Fasciculariay TJiconoa, Homera^ 
Idmonea, FlustrUy and Tuhdqwra are the most impoitant. 



Class IV.— ECHINODERMATA. 

(Star-Fishes, Sea- Urchim.) 

Cliar, — Maiine ; commonly free, repent animals, with the 
integument in most perforated by erectile tubidar ten- 
tacles, hardened by a reticulata? deposit of calcareous 
salts, and in many anned with spines. 

The fossil liadiata jiresent a mine of comparatively unex- 
liausted riches to the paUeontologist. More difficult of study 
than shells, and less uniformly present in all strata, the 
enduring remains of echinoderms and corals are unsurpassed 
in beauty of form and structure, and in the value of the evi- 
dence they afford. 

The present summary oi' the extinct forms of Echiiuxlcr- 
hiaia will commence with 
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Onk'r 1. — Crinoidea. 



Chat\ — Body witli ramified mys, suppoi-ted temporarily or 
pennanently on a jointed calcareous stem ; alimentary 
canal, with mouth and vent, both, as in Brj'ozoa, 
a])proxiniated. 

Tlie ** stone-lilies,*' or crinoid star-fishes, fonned a nume- 
i-ous and inipcjrtant gi-oup in the palaeozoic seiis, where they 
obtained their maximum number and variety. M. d'Orbigny 
descril)es thiity-one j)alieozoic geneni, two triassic, ten oolitic, 
and four cretaceous — (jf which latter three {Penidcrinus, Baur- 
(fuetirrinm and Coniatula) are found in the tertiaries and mo- 
dern seas. The Crhundca difler fmm tlie other echinoderms 
in having the generative organs combined with the anns, and 
o|)ening into special orifices near their base. Nearly all the 
genera, excei)t Conmtula and Marsiqdks (fig. C, 9), api>ear to 
have been attached either by the expanded base of the column, 
as in Apiocrinus, or by jointed processes, as in Bowrffueticrinus. 
In many instances the lower part of the column throws out 
innumemble root-like side-arms, wldch strengthen and support 
it. Tlie colunni is comi)ardtively shoit in Ainocriiiiis Parhin- 
sani, and extremely ehmgated in Pcntacrinits Hioneri It is 
round in nearly all the palieozoic Cruioids; and when five- 
sided, the articiUar surfaces of the joints ai*e simply radiated, 
as in the rest. Tlu»se joints are perfomted in the centre, and, 
when detached, are the *' Ht Cuthbert's beads'* of story (fig. 
0, 5).* In Platycriims the stem is compressed, and the arti- 
cular surfaces are elliptical. In the genus PaitacrinuSy which 
commences in the lias, the scul],)turing of the articulations is 
more complex (fig. G, 8), but it is quite simple in the other 

• C-jislH, ill i-hcit, of the caiuil which passes down the criiioitlal column are 
called "screw Htoiie« : " ami those limeHtoiies which abound in columns and 
detatchod joints are called " cntrochal ninrblcH." 
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modem genera. The body of the Criiioid is composed of poly- 
gonal plates fonning a cup, wliich is covered by a canopy of 
smaller plates. The mouth is often proboscidiform ; the anal 
orifice is near it. The five arms which crown the cup are 
sometimes nearly simple, but feathered with slender, jointed 
fingers ; in other genera they divide again and again, dichoto- 
mously; and in two remarkable Silurmn formSy Anthacrinus 




Fig. 6. 

Crtnoidea ; Bkutotdea ; Cystoidea. 

1. Sphieronites anrantium, Wahl. ; L. SUurian^ Sweden. 

2. Pseudocrinus bifasciatus, Pearce ; U. Silurian, Dudley. 

3. Pentremites ilorealis, Say ; Carboniferous^ Ohio. 

4. Crotalocrinus rugosuB, Mill. ; U. Silurian, Dudley. 

5. Poteriocrinus (joint of column); Oarbonif erous, YorkHhire. 

6. Encrinus entrocha ; L. 3fu8chelkalk, Germany. 

7. Apiocrinus Parkinsoni, Mill. ; Bradford Clay. 
%. Pentacrinus basaltiformis, Mill. ; Lias, Lyme. 
9. Marenpites ornatus, Mill. ; Chalk, Sussex. 

and Crotalocrinus (fig. 6, 4), these subdivisions are extremely 
numerous, and the successive ossicles are articulated to each 
other laterally, forming web-like expansions, similar in appear- 
ance to the coral Fenestrdla (fig. 3, n). Other remarkable 
Silurian Crinoids belong to the genera Glyptocrinus EvAicdyp- 
tocrimcSy Geocrinvs (the "Dudley Encrinite") and Caryocrimis, 
Several are common to the Silurian and Devonian, as Me- 
locrinuSy CyathocrirmSy and Rhodocrinus; the two last, and 
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PotrriocnnKS, extend into the carboniferous formations. Cu- 
2)res$ocrinus and some others are peculiarly Devonian; Plaiy- 
crinuSj common to Devonian and coal formations ; and many 
genera (including the "nave Encrinite" — ActinocrinuSy Gil- 
hertsocriniiSy and Woodocrinus\ are pi'oper to the carboniferous 
limestone. The famous " lily Encrinite'* {Encrinus erUrocha, 
fig. 6, 6) is characteiistic of the middle trias, or " muschel- 
kalk;" the "clove Encrinite** {Eugcniacrinvs^ fig. 7, 9) abounds 
in the upper oolites of Germany; ApiocrimiSy MillericrintiSy 
and several fonns related to Comatula — e.g,, Pterocomu and 
Saccosama — are also peculiarly oolitic. The "tortoise Encri- 
nite" {ifarsujnks, fig. 6,9), is found only in the chalk, along 
with BouTffucticrinm (fig. 7, 10); and the bodies" of ComatuUc, 
which, when they have lost their arms and claspers, are 
called " Glenoti-emites." (Fig. 7, 7, — upper surface with sockets 
of the five arms ; 8, — under surface, shewing aiticulations of 
claspers, and the scar of the larval stem.) 

Order 2. — CvsTomEA. 

Tliis order was established by Von Buch for a small group 
of paltTOzoic echinoderms formerly included with the Crinaidece. 
They have a globular body covei*ed with close-fitting polygonal 
plates, and supported, as a rule, on a simple jointed stem. 
Opposite its attachment is the mouth, which is minute ; close to 
it is a small opening like a generative pore ; and a little more 
distant a lai-ger orifice, covered by a pymmid of five or six little 
valves. Some of the genera, like Pseudocrintis (fig. 6, 1), have 
two or four tentaculiferous arms, bent down over the body and 
lodged in grooves, to which they are anchylosed. Others, 
like the Spharoniks (fig. 6, ^), have obscure indications of 
tentacles situated close to the moutL In Pseudocrinus and 
some other genera two or three pairs of lamellated organs, 
called "pectinated rhombs," are placed on the contiguous 
margins of cei-tain body-plates. They are supposed not to 
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penetrate the interior, and no office has been conjecturally 
assigned to them; but Edward Forbes suggested that they 
might represent the " epaulettes " of the larval Echinidccy to 
which group he supposed the Cystidean bore the same relation 
as the Crinoids hold to the star-fishes. Some Sphccronites of 
the Bala beds seem to have become freed from their stems, 
and may have .enjoyed a feeble locomotion ; the two genera, 
AgelacHmis and Hemicystites, hitherto found stemless and 
sessile on foreign bodies, are chiefly from the Sihirian beds 
of America. Of the known genera, of Cystoideff, eight are 
found in British strata^ — four in the upper and four in the 
lower Silurian. 

Order 3. — BLASTomEA. 

A separate order has been proposed for another small 
group of palaeozoic fossils typified by Pentremites (fig. 6, 3). 
The body is globular or elliptical, composed of solid poly- 
gonal plates, and supported on a small, jointed stalk, with 
radiated articular surfaces and irregular side-arms. The 
minute oral orifice is at the summit surrounded by five other 
openings, four of which are double and ovarian, the fifth rather 
larger and anal. There are five petaloid ambulacra of variable 
length, converging to the mouth, furrowed down the centre, 
and striated across. According to the observations of Dr. 
Ferdinand Eoemer, these supported numerous slender, jointed 
tentacula, indicated by the rows of marginal pores. One 
species is found in the upper Silurian, six in the Devonian, 
and twenty-four in the Carboniferous, w^hich has received the 
name of "pentremite limestone" in the United States, on 
account of the abxmdance of these fossils in it 

As the star-fishes progress with their mouth downwards, 
the side of the body on which it opens is called the " ventral,'* 
the opposite side the '* dorsal " surface ; and the same terms 
are applicable to the homologous surfaces of the radiated disc 
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ov globular body which is sustained by the stem of the 
crinoid, cystoid, and blastoid Echinodenns. 

After the microscopic organisms and the polypes, these 
extinct pedunculated orders have taken the largest share in 
modifying the composition of the earth's crust ; they may be 
said to constitute some of the limestones of the Silurian and 
Carboniferous periods. 

The chief characteristics of the palaeozoic Crinoidea are, 
that the articulations which connect the colunmar segments 
radiate by simple striie diverging from the central axis, and 
that the dorsal portion of the disc is equal wnth, or larger 
than, the ventral portion. 

The palieozoic types are succeeded by fonns in which the 
ventral portion is generally superior in size to the dorsal, 
which serves only as a base for the support of the wide- 
spreading rays, while, with two exceptions {Apiocrinus and 
Gnatlwcnnm), the columnar joints are secured by crenulated 
tioriform ridges on the facets of the joints. The crinoid type 
continued to be richly i*epresented to the time of the depo- 
sition of the lias ; since which it has dwindled down to a 
solitary FejUacrinus and a few other crinoids, having little 
resemblance to the ancient forms. 

In tracing the progression of affinities through this class, 
we may pass from the living Cwnatida in two directions, 
forwards through a succession of beautifully graduated forms 
to the Echinus and worm-like Holothurioids, and backwards 
to the MarsupUes, and polype-like Crinoids. But the series 
is made more complete l)y the extinct species. The Sph«ero- 
nite, in which crinoidaJ arms have been observed,* and the 
EchinocystUeSy Wy. T.f supply most interesting additional evi- 
dence of the transition from the Crinoids and Cystoids to the 
true urchins. 

• By Professor Wyville Thomson, "Ed. Phil. Journ.," t. xiii. 
f lb., plates 3 and 4. 
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Order 4. — ^Asteroidea. 

(Sea-Stars, Brittle Stars,) 

Char, — ^Body free, radiate ; integument hardened by calcare- 
ous pieces, and more or less armed with spines ; no 
dental apparatus. 

Asteriadce and Ophiuridcc. — ^Fossil star-fishes, though less 
common, have a wider range than their allies the fossil urchins, 
being found amongst the earliest organic forms. Pala^aster, 




Fig. 7. 

Oaleritidce ; Aateriadie ; Crinoidea. 

I. Pjgaster semisalcatas, Ph.; Inf. Oolite, Cheltenham, 
a. Ananchytes ovatus, Lam. ; U. Chalk, Europe. 

3. Galerites albogalerus, Lam. ; U. Chalk, Kent. 

4. Scutella Rnbrotanda ; Miocene, Malta. 

5. Lepidaster Grayi, Forbes ; U. Silurian, Dudley. 

6. Protaster Miltoni, Salter ; L, Ludlow rock, Salop. 

7. Oomatula (Glenotremites), upper surface of body. 

8. Gomatula (lower surface) ; Chalk, Sussex. 

9. Eagemacrinus quinquedactylus, Schl. ; Oxfordian, Wurtomberg. 
10. Bourgueticrinas ellipticus, Mill. ; Chalk, Kent. 

Protaster (fig. 7, 6), and Lepiduster (fig. 7, s), are Silurian star- 
fishes, presenting many anomalies, and scarcely referable to 
any existing families. The living starfish {Ophiocoma) which 
is most like Protaster, has been dredged up alive from a 
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depth of two miles below the surface in the North Atlantic. 
Tropulastcr, PlcurastcTy Aspidura^ Ophiurella^ and Amphiura 
are oolitic genera; Ophiodermay Luidia, Astropecten range 
from the lias to the present seas ; Stellaster and Arthrastcr 
ai*e peculiar to the cretaceous ; and OphiurOy Ophiocoma^ 
Astrogoniurriy Or eastern and Goniodiscus are both cretaceous 
and living. 

Order 5. — Echinoidea. 
(Sea-iirchins.) 
Clear. — I^dy free, spheroid or discoid, incased in a crust of 
intiexibJy-jointed calcareous plates, and armed with 
spines; mouth below, with a complex dental system, 
usually arranged, so as to resemble a " lantern." 

The Echiiwidea appear first in the Lower Ludlow limestone 
and attain their maximum in the cretaceous strata. The 
principal shell-plates are arranged in longitudinal series, five 
of perforated or " ambulacral " (fig. 8, 8, a) alternating with 
five of " inter-ambulaci*al " plates (ib. i). In all secondary 
and more modem Echinidce, each series includes a double row 
of plates, which are pentagonal : but in the Silurian Pakeo- 
discus and EchinocysiiteSy the inter-ambulacral plates are of less 
definite shape, and are crowded iiTCgularly, so that from eight 
to ten may extend transversely between the wider intervals 
of the ambulacra ; and this low vegetative repetition of parts 
is continued in the Pci-iscliodomus and Palcechinus (fig. 8, i) 
of the carboniferous limestone, where there are five or six 
ix)ws of plates in the inter-ambulacral arete. Only detached 
plates of the equally ancient Arclujcocidaris have been seen, 
and the inter-ambulacral ones (fig. 8, i), by their six-sided 
form, seem also to have been arranged in more than two rows. 
Normal Echinid<T, of the existing genus CidariSy abound in 
the upper trios. Some of the secondary species of Gidaris 
have the ambulacral pores widely sepamted {j^Rhahdoci- 
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duris)', in others the rows of pores are doubled {=Di])loai- 
darts), Tlie genus Hemicidaris (fig. 8, 4 ), distmguished by 
the krge spine-bearing tubercles on the lower part of the 
ambulacra, ranges from the trias to the chalk-marl. Diad^mce, 
with smooth, solid spines {=Hemidiadema)y appear in the 
lias, and continue to the chalk, where the modem type, with 
aunulated, hollow spines, appears. Echinopsis, most common 
in the chalk and older tertiaries, also occurs in the lias. 
Aci'osaleniay a genus characteristic of the oolites, is distin- 
guished from Salenia by its perforated tubercles. Acrocidaiis, 
Heiiocidaris, and several other sub-genera of Echinus, are also 
peculiar to the oolites. Glypticus, chiefly there represented, 




Fig. 8. 



EchinidoB ; Spataiigidai. 

I. Palttchinus sphaericus, Scouler; Carhoniferoui^ Ireland, 

a. Archieocidaris Urii, Flem. ; Carboniferous, Ireland. 

3. Cidaris glandifera, Goldf. (spine) ; Jura^ Mount Carmel. 

4. Hemicidaris intermedia, Flem. ; CoralUan, Calne. 

5. Salenia petalifera, Desm. ; U. Oreensand, Wilts. 

6. Disaster ringens, Ag. ; Inferior Oolite, Dorset. 

7. Homipneustes Greenovii, Forbes ; U. Oreensand, Blackdown. 

8. Catopygus carinatas, Goldf. ; U. Oreensand, Wilts. 

has one species in the chalk of Ciply. Salenia (fig. 8, 5 ), 
with its ornamental disk, is characteristically cretxiceous. 
Arbacia and Temiwpleurus appear fii*st in tlie eocene. The 
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Cassidulidxv conmience in the oolites, with PygaMti* (fig. 7, i) 
and Holcctyptis, and abound in the cretaceous system. Oak- 
rites (fig. 7, 3), Discoidea, Pyniia, and Cassidultis are pecu- 
liar to the chalk. The ClypeaMrida; are represented in the 
oolites by numerous species of Echinolamjms and KuckolUes 
(or Clypeus) ; the latter genus attains a large size. The sub- 
genus CcUopygu^ (fig. 8,. 8) is peculiar to the cretaceous series. 
Conoclypexis occurs in the chalk and tertiaries. Clypeast^ 
flourished most in the miocene age ; many large species are 
found in the south of Europe, Madeira, and the West Indies. 
Numerous genera, remarkable for their flattened form, and 
popularly known as ** cake-urchins," are peculiar to the ter^ 
tiaries and existing seas. Lenita and SctUelHna are eocene ; 
Scuiella (fig. 7, 4) is miocene. Mcllita and Echinarachnivs 
are both fossil and recent. The heart-shaped urchins (Spatnn- 
f/idcc), are oidy i-einotely ivpresented in the oolites by Disaster 
(fig. 8, 6) ; they are numerous in the chalk, to which Mic^^aster, 
EjnasteVy Hcmipncustes (fig. 8, 7), Archidcia^ Holaster^ and 
Ananchytes (fig. 7, 2), are peculiar. Toxaster is characteristic 
of the lower neocomian. Hcmiaster is cretaceous and tertiary. 
SpatangiLSj EupataguSy BinssuSy Amj^hidotuSy and Schizasier are 
tertiary and recent forms. 

The shell of the Echitwdennatu has the same intimate 
structure in all the orders and families, and in everj' part of 
the skeleton, whether "test," or ** spine,'' or ** tooth." Tlie 
smallest platc»s Resemble bits of perforated card-board, and the 
largest and most solid are formed of a repetition of similar 
laminae. In a few membranous structures, minute spicula, 
curved, bi-hamate, or anchor-shaped, are met with. They are 
always composed of carbonate of lime; but owing to their 
porosity, fossil examples are commonly impn^ated with 
earth, or pjTites, or silica, and form bad subjects for micro- 
scopic investigation. Without., however, losing their organic 
structure, the fossil Echinoderms exhibit a cleavage like that 
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of calcareous spar, by which the smallest ossicle of star-fish or 
Crinoid may be recognised : this peculiarit)'^ is most strikingly 
obrious in the great spines of the Cidaris (fig. 8, 3), or the 
enlarged colnmu of the " pear Encrinite" (fig. 6, 7). Examples 
of the latter may be seen which had been crushed when 
recent, and before the sparrj^ stmcture was superinduced. 

Order 6. — Holothurioidea. 
{Sea- Cucumbers, Trejning.) 

Char, — Body vemiifoi'm ; integument flexible, with scattered 
reticulate calcareous corpuscles, or beset with small 
anchor-shaped spicula. 

The Holothurioid order presents scarcely any examples 
likely to be met with in a fossil state, except the genus Psohts, 
of whose imbricated shield a fragment has been found by Mr. 
Riclimond in the northern diift of Bute. Count Muuster has 
figured the microscopic plates, apparently of a Holothuiiay 
from the clialk of Warminster ; and the anchor of a Syrutpta 
from a still older formation, — the upper oolite of Bavaria.* 
Microscopic observers wDl doubtless meet with many such 
detached plates and spines when searching for Polycystineaj 
and other Ehizopods in the oolitic and cretaceous strata ; but 
it is scarcely probable that the order has dated far back in 
time. 

Peovlnce IL— ARTICULATA. 

In the great division of invertebrate animals called Arti- 
cuhtay the brain is in the form of a ring encircling the gullet. 
A double ganglion above the tube supplies the chief organs of 
sense. From the ganglion below the tube two chords exteud 
along the ventral surface of the abdomen which are in most 
species united at certain distances by double ganglions; with 

• Beitrago, heft 6, 1843. 
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these are connected the nerves supplying the body segments 
and their appendages. The body presents a corresponding 
symmetrical form. The skeleton is external, and consists of 
articulated segments of a more or less annular form. The 
articulated limbs, in the species possessing them, have a like 
condition of the hard parts, in the form of a sheath which 
incloses the muscles. The jaws, when present, ai-e lateral, and 
move from side to side. 

The worm, the lobster, the scorpion, and the beetle, 
exemplify this province. 

The articulate division of the animal kingdom, most 
universally distributed and numerically abundant at the 
present day, is least perfectly represented amongst the relics 
of the former world. Their chitinous integuments, often 
hardened with earthy salts, are as capable of preservation as 
the shells of the Molhisca, and remains of them are met with in 
all aqueous deposits ; but that manifold, complex organization, 
which in the i*ecent state fits them so admirably for generic 
and specific comparisons, is fatal to their entire preserva- 
tion, and the fossil examples are often so fragmentary as to 
admit of little more than the determination of their class 
and family. 

The most ancient fossiliferous rocks bear imprints which 
have been regarded as the tracks and burrows of marine 
worms. With these are found Crustacea of the lowest 
division, and of a group which is wholly extinct A little 
later appear the Phyllopods, Copepods, and other existing 
orders of Entomostraca. Only a few obscure forms, doubtfully 
referred to the higher division, MalacostracOy have been found 
in the carboniferous and Permian systems. The secondary 
strata contain abundant remains of Isopods, and of lobsters 
and hermit-crabs. True crabs {Brachyura), rare in the newer 
secondary rocks, abound in the oldest tertiaries. Aii> breathing 
insects and Arachnida existed even in the palaeozoic age; the 
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"sombre shades*' of the carboniferous forests were not "nn- 
cheered by the hum of insects;" nor were the insects blind, 
hke those which now inhabit the vast caverns of Kentucky 
and Camiola. The Articulata which come latest are the Cir- 
ripedes, whose lowest family appears in the lias; while the 
Balanidw are only found in the tertiaries. 

The number of fossil Articulata catalogued and described 
forms but a very smaU proportion of those which have pro- 
bably existed. Bronn enumerates 1551 fossil insects : 131 
arachnids, 894 crustaceans, and 292 anellides. Darwin de- 
scribes 69 fossil Cirripedes, 12 of which are living species. 

Class L— ANNULATA. 

(Wonns, Tube- Worms, Nereids.) 

Char. — Body soft^ symmetrical, vermiform, annulated, with 
suckers, or setie, or setigerous tube-feet ; blood of a red 
colour in most. 

To certain small annelidoid burrows in the schistose rocks 
of Bray Head, Wicklow, the name Histioderma has been 
given ; but the peculiar markings on the surface of these and 
other Cambrian rocks, e.g,, of Arenicola didyma of the Long- 
myAds, Shropshire, and oiScolithus linearis of the Welsh stiper- 
stones and N. Amer. " Potsdam" sandstone, conjectured to afford 
the earliest indications of the existence of marine worms, are 
not without suspicion as to their origin. The so-called 
**Nereites" bear considerable resemblance to other equally 
ancient impressions which have been described as Zoophytes, 
under the name of Protovirgularia (fig. 3, i). No such doubt 
attaches to the worm-tracks which abound in the thin-bedded 
sandy strata of the forest-marble ; and the " Cololites" of the 
Uthographic limestone are most probably the castings of worms. 
Long calcareous tubes occur in the upper SUurian and carboni- 
ferous strata, which have received the name of Scrpiditcs ; but 



44- PALiEONTOLOGY. 

those in the quartz rocks of Sutherland are thicker in propor- 
tion. The MicroconcJms of the carboniferous period is now re- 
garded as an Anellide ; and in all the later formations, tubicolar 
Anellides, especially of the genera Serpiday SpirorbiSy and Ver- 
milia abound. Some of these, although attached and gr^arious, 
are so regular in their growth as to have been usually called 
Vermetiy but are now placed in the genus Vermicidaria, 
Spiroglyphtis, and some other shell-excavators, are indicated 
in the tertiaries. Amongst the pi-oblematic fossils of the 
palaeozoic strata, two are supposed to be anellidous, viz., the 
TerUaculites (fig. 10, 7). which was apparently free, and almost 
always regular in its growth, so as more to resemble one of the 
gregarious Pteropods ; and the ComvlUe (tig. 10, 8), which is 
attached when young, singly or in groups, to Silurian shells 
and corals : the structure of its shell is vesicular, and the 
cavity resembles a series of inverted cones. The unattached 
and gregarious Diti*upa api)ears in the upper chalk, and 
abounds in the London clay and crag. 

Class II.— CIRRIPEDIA. 
{Barnacles, Acorn-Shells). 

Char, — Body chitinous or chitino-testaceous, subarticulated, 
mostly symmetrical, with aborted antenna3 and eyes ; 
thorax attached to the sternal surface of the carapace, 
with six ijairs of multiarticulate, biramous, sctigerous, 
limbs ; metamorphosis resulting in a permanent para- 
sitic attachment of the fully-developed female to some 
foreign body. 

The fossil Cirripedes belong chiefly to the sessile division, 
and consist of the ordinary forms of the still-existing Balanidas, 
They are rare in the eocene tertiary, but more abundant after- 
wards. The Balanus poi^catufi attains a great size in the shelly 
beds of northern drift ; its lai^'c basal plate, when detached, 
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is a puzzling fossil, aiid has caused some mistakes. A Coro- 
nula has been found in the middle division of the crag which 
has afforded so many cetaceous lK)nes. Eemains of peduncu- 
lated Cimpedes occur in older deposits, but are mostly scarce 
and fragmentary. A species of PoUidpes is found adhering to 
drifb-wood, perforated by bivalves, in the lias ; another occurs 
in the Oxford clay, attached in gix)ups to drift-wood, and the 
shells of Ammonites, which probably floated in the sea after 
death. The chalk affords many species of Follidpcs and Scal- 
})dlum, a species of the anomalous genus Verrxtcay and the 
only extinct genus of Cirripedes — Loricula (fig. 10, 6), This 
remarkable fossil is found attached to Ammonites, and exhi- 
bits only one side in any of the examples hitherto found. In 
this unsymmetrical development and the imbrication of its 
valves it more resembles Vemica than any other Cirriped. 
"During the deposition of the great cretaceous system, the 
Lepadidm arrived at their culminant point : there were then 
three genera, and at least thirty-two species f whereas at the 
present day the Philippine Archipelago, which is the richest 
marine province, affords but five species. 

Class III.— CRUSTACEA. 

Cliar. — Body articulated, with articulated limbs ; head w4th 
antennae ; branchial respiratory organs ; sexes distinct ; 
metamorphosis in most, in none resulting in fixed indi- 
viduals. 

Sub-Class 1.— ENTOMOSTRACA. 

Char. — Body with more or fewer segments than fourteen ; 
integument chitinous, forming in some a bivalve shell, 
eyes sessile. 

Small bivalve entomostracous Crustacea are found in all 
strata, and attain their maximum size in the older rocks. 
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Minute Ostracoda, related to the recent Cypris (fig. 10, 5), 
swarm in the laminated fresh-water clays of the Wealden ; 
whilst the marine Cytheridcc assist with their multitudinous 
atoms in building up the chalk. Amongst the Phyllopods, the 
gregarious Esthcria covers the slabs of Wealden and of Keuper 
with crowds of bivalve shells which have been commonly mis- 
taken for Cyclades and Posidonomyce, Estheria aboimds in the 
Caithness flags of the middle Devonian series. The globose 




Fig. 9. 
Palasozoic ErUomottraca. 

1. Leperditia Baltica, Wahl. ; U, Silurian, Qothland. 

2. EntomoconchuB Scouleri, M'C. ; Carboniferous, Ireland. 

3. Beyrichia complicata, Salter ; L. Silurian, Wales. 

4. Dithyrocaris, Scouleri, M'C. ; CarhoniferouM, Ireland. 

5. Pterygotus Anglicus, Ag. ; Old Bed Sandstone, Lndlow. 

6. Bellinurus bellulas, Eonig. ; Carboniferous^ Coalbrookdale. 

7. Uleenus Davisii, Baiter ; L, Silurian, Bala. 

8. Phacops candatns, Bran. ; U. Silurian, Dudley. 

9. Calymene Blumenbachii, Br. ; U. Silurian, Dudley. 

10. Trinucleus ornatus, Stemb. ; L. Silurian, Britain. 

1 1 . Agnostus trinodosy Salter ; L. Silurian, Britain. 

Entomoconchiis (fig. 9, 2) is found in the carboniferous lime- 
stone ; Leperditia (fig. 9, 1) in the Silurian rocks of the north ; 
and Beyrichia (fig. 9, 3), which is characteristically Silurian, 
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may be distinguished from the young forms of TrUobites by 
the unsymmetrical shape of its separated valves. Other pa- 
laeozoic Phyllopods {Ceratiocaris and Hymenocaris) related to 
the recent Nebalioy and ha^ang a conspicuous tail, occur in the 
upper and lower Silurian strata ; the genus Leptocheles (M'C.) 
was founded on the tail-spines of these Crustacecu Dithyro- 
cans (fig. 9, 4 ), which resembles the recent Apus in the hori- 
zontal compression of its carapace, is found in the carboni- 
ferous limestone. The lower coal measures also contain, in 
their nodules of clay-ironstone, frequent examples of Bellin- 
urm (fig. 9, 6), a small Poecilopod, differing from the recent 
king-crab (LimtUus) in the movable condition of the body- 
segmenta But the most extraordinary of the palaeozoic Crus- 
tacea are the EurypteruSy HimarUopterus, and Ptcrygotus (fig. 
9,5), from the Upper Silurian and Old Eed Sandstone, of 
which some far surpassed the largest living lobster or king- 
crab in size. They have been considered an extinct family, 
related to the Limuli; or as the representatives of the larval 
condition of the stalk-eyed Malacostraca : but the following 
structures shew an aflBnity to the Ostracoda, Their carapace is 
comparatively small, with compound eyes on the antero-lateral 
margins ; the body segments are eleven or twelve in number, 
without appendages, and terminated by a pointed or bUobed 
tail Euryptcnis has eight feet ; the others have three pairs 
of limbs — ^viz., the chelate antennse, the foot-jaws, and the na- 
tatory feet, with their fin-like palettes, which spring from the 
under side of their cephalo-thorax. The surface of the body 
and limbs often presents a peculiar imbricated sculpture, which 
caused them at one time to be regarded as fishes by Agassiz. 
The Pterygotvs probUmcLticus is supposed to have attained a 
length of seven feet^ and some of the others were a yard long. 
Crustacea of this magnitude may have formed tracks on the 
sea-bed, like those on the Potsdam sandstone of America, 
called ** Protichnites " (fig. 82), subsequently to be described. 
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Order Trilobites. 

Chur, — Trunk segments trilobed ; sessile compound eyes in 
most ; limbs aborted. 

The great family of Trilobites is entirely confined to the 
palaeozoic age ; none are found even in the upper coal measures 
or Permian system. Above 400 species have been described, 
and grouped in 50 genera. Of these 46 are Silurian, 22 De- 
vonian, and 4 carboniferous. According to Bronn, 13 genera 
are peculiarly Lower Silurian, 3 Upper Silurian, 1 Devonian, 
and 3 carboniferous. 

Tlie skeleton of the Trilobite consists of the cephalic 
sliield, a variable number of trunk-rings or segments, and the 
pygidium or tail composed of a number of joints more or less 
anchylosed. In some species a labrum (or "hypostome*^ has 
been discovered, but no indications of antenna? or limbs have 
ever been detected ; still there can be no doubt they enjoyed 
such locomotive power as even the limpet and chiton exhibit 
when requisite. Variations in the length of the cephalic and 
caudal spines (e.^., in Asaphvs caudatvs and As, longi-cavdaius) 
and in the prominence of the head-lobes, have been considered 
indications of difference of sex. One of the oldest and simplest 
forms is the minute Agnostus (fig. 9, n) ; it is usually found 
in little shoals, with only the cephalic shield preserved, as if it 
were the larval form of some large Trilobite. According to the 
observations of M. Barrande, the Sao passes through twenty 
stages of growth, being first a simple disc, and ultimately 
having seventeen free thoracic segments and two caudal joints ; 
the additional segments are developed between the thorax and 
abdomen. The Trinudetcs (fig. 9, lo) with its ornamental boi> 
der, and lUxenus (fig. 9, 7), in which the tiilobation is less con- 
spicuous than in most genera, are characteristic of the Lower 
Silurian strata. Two others from the Wenlock limestone have 
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long been celebrated, \iz^ Calymeiie (fig. 9, 9), or the " Dudley 
Trilobite,'^ so compactly rolled up ; and Asaphtcs (or Phacops) 
eaudatus (fig. 9, 8), in which the lenses of the lai-ge eyes are 
frequently well preserved, and visible without a glass. Each 
eye has at least 400 facets, and in the great Asaphtcs tyrannus 
each is computed to have GOOO. In one species {Asaphus 
Kowaletvskii) the eyes are supported on peduncles. The largest 
Trilobite is Asaphus gigas ; some of the fragments indicate a 
creature eighteen inches long. 

Sub-class 2.— MALACOSTRACA. 

Char. — Body divided into thorax and abdomen, with seven 
s^m^nts in each. 

The Isopods are represented in the upper oolite by ArcJi- 
(eoniscus Brodicci^ which is gregarious, in large numbers in the 
slabs of Purbeck limestone; and in the Permian system by 
the Prosaponiscus (or Paloeocrangon). The problematic Pygo- 
uphaluSy and the **Apus dubitisj' both from the carboniferous 
strata, are doubtfully referred to the Stamapoda, and, with the 
exception of the Gitocrangon of Eichter, are the oldest of the 
known stalk-eyed Decapods. 

Macrourous Crustacea are of constant occurrence through- 
out the oolites and cretaceous strata. One of the most remark- 
able forms, Eryon (fig. 10, 3), is found in the lias (with the 
closely-allied Tropifer and Coleia) and in the Oxford clay. 
The small lobsters of the genus Glyphea, in the oolytes, and 
MeyeriOj in the Speeton clay and greensand, are commonly the 
nucleus of hard nodulies of phosphate of lime. The larger 
species of the chalk form the genus Enoploclytia. The Oxfor- 
dian oolite of Solenhofen, with its finely-laminated lithographic 
slates, opens like a book filled with compressed and wonder- 
fully preserved shrimps and lobsters. One of them, remark- 
able for it« long and slender arms {Afegachmis, fig. 10, 4) is also 

E 
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found in the Oxford clay of Wiltshire. One of the richest 
i*epositaries of fossil Crustacea is the Isle of Sheppy, where 
the ** London clay" has afforded countless examples of the 
higher organized division, including nine Brachyura, three 
Anomura, and five macrourous species. The island of Hainan, 
on the coast of China, abounds with fossil crabs of the genus 
MacropthaimOy which are sold in the drug-market of Shanghae. 




I'ig. 10. 
Crustacea : Anelluh. 

1. Dromilites Lamarckii, UeHm. ; London Clay, Sheppy. 

2. Notopocor}'Bte8 Stokesii, Mant. ; Oault, Folkestone. 

3. Eryon arctiformis, Schl. ; Ojrfordian, Solcnhofen. 

4. MegachiruH locusta, Germar. ; Oxfordian, Solenhofeii. 

5. Cypridea ttiberculata, Sby. ; Weald, Sussex. 

6. Loricula pulcbclla, (1. B. Sby. ; L. Chalk, Sussex. 

7. Tentaculitcs omatus, J. Sby. ; C. Silurian, Dudley. 

8. Cornulites serpularius, Schl. ; U. Silurian, Dudley. 

Others are found in the miocene of Malta, and of Perim Island 
in the Eed Sea. Instances of secondary Bracky^ira are no 
longer open to doubt ; the little Eti/vs Martini (or Reussia) is 
from the gault, or blue marl, and Plat}fj>odia Oweni is from the 
white chalk of Sussex; Reussia granosa is from the upper 
greensand of Cambridge ; Ste2yhanonictop(m is from the maes- 
tricht chalk ; Cancer scrobiciUatus and Gliphithyreftis formosvs 
are from the planer chalk of Mechlenburg. 

The anomourous Dromiopsis is from the chalk of Faxo 



IXSECTA. 51 

island, where four species have been found. The Clytia 
Leachii of the chalk period lias been beautifully restored 
by Beuss.* Pairs of chelate claws occur in the upper chalk 
which are referred to a hermit-crab {Mesostylus FaujasH), 
Small Crustaceans, resembling in form the living Corystes^ 
abound in the gault (fig. 10, i), but they are known to be 
anomourous by the small size and dorsal position of the 
posterior l^s, and by the little platos intercalated between 
the last joints of the tail, as seen also in tlie Dromilites 
(fig. 10, i) from the London clay. 

Class IV.— INSECTA. 

Char, — Body chitinous, articulated, with articulated and unci- 
nated limbs ; head provided with jointed antennae ; 
respiratory system tracheal. 

The fossil insects hitherto examined have afforded no new 
types or forms of unusual interest. The oldest known, those 
from the lower coal measures, resemble the Curculionidce and 
BlaUidce or LocvMidce of the present day. The lias limestones 
have aflForded a greater variety to the persevering skill of Mr. 
Brodie : species of the genera Berosus, Elaier, GyrinuSy Lacco- 
philvSj and MdolonthOy and undetermined genera of the fami- 
lies CarabidcBy Buprestidce, Chyrsomelidce^ and Telephoridce ; 
Panorpa-like insects of the genus Orthophlehia ; dragon-flies, 
NepadxB and Cimicidcey Cicada^ and the dipterous genus AsHus. 
Next in age is the insect depositary of the Stonesfield slate, 
which affords the large wing-covers of Buprestis Bucklandi, 
species of Prionvs and Cocdnellay and the great neuropteran 
Hemerobioides. The Purbeck limestone has supplied, in addi- 
tion, species of Cerylon and ColymheteSy Cyphon, Helophoms, 
and lAmnius; and examples of Staphylinidoc, Cantharid(By 
Harpalidcey HydrophilicUe, and Tcnebrionidce, Lihellula and 
• TranBactions of the Academy of Vienna, vol. vi., 1853, 4to. 
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Phryganea, Acheta, and Blatta, Aphis, Cercopis, and other 
Homoptera, and ten dipterous genera. In the newer pliocene 
fresh-water formations the recent Copris lunaris has been de- 
tected, and the elytra of Donacia and Harpaltts, The principal 
foreign sources of fossil insects have been the lithographic 
slates of Solenhofen, and the tertiary deposits of Aix in Pro- 
vence, and (Eniiigen, near Constance, on the Rhine. Bemains 
of species of Tinea and Sphinx are said to have been found in 
the lower Jui^a, and of a diurnal Lepidopteran in the Molasse. 
Numerous examples of insects in true amber have been ob- 
tained, and much more abundantly in "gum animi,** a more 
modern fossil resin. These are all unknown to entomologists, 
and are probably extinct, since no department of recent natural 
history has been so closely worked, although the fossil insects 
have been comparatively neglected. It has been suggested 
by Mr. Westwood that the lias insects have a sub-alpine 
character, and may have been brought down by torrents from 
some higher region. But no attempt has been made to 
shew whether these or any other group of fossil insects most 
nearly resemble those of any particular zoological province of 
the pi-esent day. The " indusial limestone " of Auvergne is 
supposed to be built up of the fossilized cases of caddis-worms 
(Phryganeidce) ; but Mr. Waterhouse, the only entomologist 
who has visited the country and examined the formation, 
entertains doubts of the correctness of this interpretation. 

Of the Myriapoda, 20 fossil species have been found, com- 
mencing in the carboniferous system : a chilognathous genus 
{Xylohiits)y allied to the gellywonn (Julus), has left remains in 
the interior of a fossil tree (Sigillaria) in the coal formation 
of Nova Scotia. Of the Arachnida, 131 species are catalogued ; 
the earliest and most interesting of these is the fossil scorpion 
{Cydopthalrmis senior) of the Bohemian coal measures (figured 
in Buokland's Bridgewater Treatise), Fossil spiders are found 
in the Solenhofon slates and in tho tertian' marls of Aix. 
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Province III.— MOLLUSCA. 

Keiiiaiiis of the TestdctOy or shell-bearing molluscous aui- 
mals, are the most common of all fossils, and afford the moat 
complete series of "medals," or characteristic signs for the 
identification of strata. The duration of types and species, as 
a general rule, is inversely proportional to rank and intelli- 
gence. The most highly organized fossils have the smallest 
range, and mark with greatest exactitude the age of the deposit 
whence they have been derived. But the evidence afforded 
by shells, if less precise, is more easily and constantly obtained, 
and holds good over larger tracts of country. 

The mollusca are soft invertebrate animals with one or 
more nervous ganglions below the gullet, whence nervous 
chords proceed t^ form a collar round that tube, and also to 
radiate to other parts of the body ; the ganglions developed 
on these chords are scattered, in most, irregularly, and the 
form of the body, in such, is unsymmetrical. In a single class 
{Cephalopoda) the muscles originate from an internal rudimental 
cartilaginous skeleton : in the other classes they are attached 
to the skin, or to the calcareous substance developed therein. 
The blood is not red, and is usually colourless : the heart is 
a muscular organ propelling the blood through a system of 
arteries and veins, the latter being more or Jess in the form 
of sinuses. The respiratory chamber, whether containing gills, 
or oi^ganised as a lung, opens near, or receives, the anus ; the 
intestine being bent usually forward to effect that relation. 
Such is the grade of organisation of which the " Lingula flags* 
and •*Llandeils rocks" in the lower Silurian system have 
yielded evidence. This testimony is by shells : most of the 
mollusca are so protected. Tlie shell is hardened chiefly by 
carbonate of lime and may consist of one or two pieces, called 
** valves ;" rarely of more. 
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Class I.— BRACHIOPODA.* 

The raoUusks of this class are so called because the chief 
moving and prehensile parts (fig. 11, rf,/), resemble the ** arms" 
of some polypes : they are spirally disposed, fringed and 
ciliated, and may answer to those of the Bryozoa^ or ** ciUo- 
brachiate" polypes. The soft parts are protected by a shell 
consisting of two valves, one {ib, d) applied to the dorsal, the 
other (v) to the ventral surface. The latter has a prominent 
notched or perforated beak, through which in most, a pedicle 

(n) passes, to attach the animal to 
some foreign body. There are several 
pairs of muscles (o, p, q) for opening 
^ and shutting the shelL This, in the 
first order of the class {Arthropo- 

^^ y mcUa)^ in which the shell-valves 

Fig. 11. are articulated together, has more 

\raidheimiajlapescens. or less the shape of an ancient 

roman lamp. 
The lamp-shells, more than any other group, have suffered 
with the lapse of time.. Of 1300 known species, only 75 are 
living ; and of the S-t genera, the larger part (21) are extinct 
The number of generic forms is greatest in the Devonian 
period and least in the upper oolites, after which a second set 
of new types gi*adually appeai^s. Tlie preponderance of fossil 
Brachiopoda is contrasted with the scarcity of the recent shells 
even more strongly by the abundance of individuals than by 
the number of species ; for the living shells mostly inhabit 
d«3ep water and rocky situations inaccessible to the dredger, 
and arc seldom obtained in large numbers. 

The genus TerehrattUay as now restricted to shells with a 
short internal loop, musters ajbove 100 fossil species, of which 

* Or. brachys, nn arm ; pons, a foot, 
t Or. arthros, a joint ; poma, a valve or lid. 
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only one survives (T. vitrea), an inhabitant of the Liisitanian 
province. The Waldheimias, or Terebrattdce with long loops 
(fig. 11), are widely distributed in our present seas, although 
only nine living species are known ; individuals of one or 
more of these are found on the coast of Spitzbergen and Lab- 
rador, at Cape Horn, and most abundantly in New South 
Wales and New Zealand : there are sixty fossil species dating 
from the trias. The TerebratdUe, having the loop fixed to a 
mid ridge, commenced in the lias, occur in small numbers 
throughout the cretaceous and tertiary periods, and are the 
only lamp-shells which attain their climax in recent seas. 
Five species of Argiope occur in the greensand, chalk, and 
tertiaries. The allied genus Theddium is represented by one 
species in the carboniferous and one in the triassic system, 
becomes comparatively common in the secondary period, and 
dwindles ag;eiin to a single species in the newer tertiary ; this 
species survives within still naiTower limits in the Mediter- 
ranean Sea. The sub-genus Terebratulina is represented by 
twenty species in the secondary and tertiary formations. T, 
striata of the chalk is so like the recent T. caput serpentis 
as to be with difficulty distinguished from it. Several extinct 
sub-genera occur in the cretaceous strata, of which the most 
remarkable are Triganosermts (fig. 12, i) and Zyra, shaped 
like a violin. The genus Stringoceplwlus (fig. 12, ») is 
peculiar to the Devonian strata, and has a large internal loop, 
and a very prominent cardinal process, forked at the end, 
and fitting over the central plate of the opposite valve. 

The shell of Terebratvla and some of its allies (ArgiapCy 
Theddium^ CyrtiOy and Spiriferina) is dotted with minute 
quincuncial perforations, sometimes visible to the naked eye, 
as in T. lima, biit usually requiring a lens of low power. 
They are smallest in T. camea. 

The lamp-shells with sharp beaks and plaited valves have 
been separated from the Tercbraiulcr^ under the name Wiyrv- 
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chonella (Fisch.) Their shells do not exhibit the punctate 
structure under a magnifying-glass, and they have no internal 
skeleton to support their arms, which in the recent species are 
coiled up spirally, and directed towards the concavity of the 
smaller valve, like the spires of the extinct Atrypa (fig. 12, 7). 




Fig. 12. 

Brachiopoda. 

1. TrigonosemuR PalisHyi, WcmxIw. ; U. Cretaceous, Ciply. 

2. Stringoccphalus Burtini, Defr. ; Devonian^ Eifel. 

3. Spirifera striata ; CarboniferouSj Britain. 

4. Cyrtia trapezoidalis ; U. Silurian, Dudley. 

5. Athyris RoiBsyi, I^er. ; Carhoniferoui, Ireland. 

6. Uncitefl grypbus, Schl. ; Devonian, Belgium. 

7. Atrypa reticularis, L. ; U. Silurian, Afalvem. 

8. Pentamerus lievis ; Caradoc S., Salop. 

Of the three living species of Rhynchonella, one is found 
throughout the Arctic Seas, a second in New Zealand, and the 
third at the Feejees (?). The fossil species exceed 250, and 
are found in all parts of the world ; those from the palaeozoic 
strata may prove distinct from the rest, since the permian 
species are known to be provided with large internal processes 
(Camarojyhoria, King). Casts of these shells are frequently 
impressed witli the narrow and angular pallio-vascular impres- 
sions. The extinct genus Atrypa differs from Rhynchonella 
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solely in having calcareous spires, which are preserved in 
many instances, and may be cleared to some extent by the 
application of acid. The foramen is separated from the hinge- 
line by a ddtidivm; and the interior of the valve is marked 
by ovarian and vascular spaces exactly as in Rhynchondla. 
The lower Silurian rock contains another genus, PoramboniUs 
(Pander), as yet imperfectly understood, but having the valves 
marked externally by impressed dots, which are not perfora- 
tions. The genus Pentamerus occurs in all the strata below 
the carboniferous limestone, and is remarkable for its great 
internal partitions, causing the shell to split readily across the 
middle ; and giving rise to deep incisions in those casts of 
the interior which are so common in the Caradoc sandstone 
(% 12, »). 

The (Bxtinct SpirifericUe are a family characterized by the 
possession of internal calcareous spires extending from the 
centre of the shell outwards (fig. 12, 3). These spires, like the 
shell itself, are frequently silicified, and may be disengaged 
from the matrix by the action of acid. At other times the 
shell is imbedded in soft marl, removable by careful washing, 
80 as to shew the calcareous lamina of the spire fringed with 
hair-like processes, formerly the support of cirri. In the 
genus Spirt/era the shell has a long straight hinge-line, and the 
flattened area of the larger valve has a deltoid byssal notch.* 
The typical species are characteristic of the palseozoic strata, 
and have a shell-structure like Bhynchonella. The liassic 
species (Spiri/erina^ d'Orb.), have punctate shells, and the 
hysssl opening is closed (at least in the adult) by a thin 
arched plate or**pseudo-deltidium." In the sub-genus Cyrtia 
(fig. 12, 4), the hinge-area is ultimately as long as it is wide, 
and the deltidium is perforated in the centre by a byssal 

* The term deUidium, applied by Von Bnch to this foramen, has, by miscon- 
ception of his meaning, become constantly used for the plates which partially 
close it. 
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tube ; some of the species have a punctate shell. The genus 
Athyru (Dalman), not always easily distinguished from 
TerebrattUoj has usually a smooth and rounded shell, orna- 
mented with concentric lamella? or wing-like expansions 
(fig. 12, s); the beak is truncated by a round foramen; the 
liinge area is obsolete ; and the spires are as in Spiriferay with 
the addition of some further complications near the hinge. 
There are twenty-five species, mostly from the Devonian and 
carboniferous rocks. The species of Retzia (King) are still 
more like plaited TerebrcUnlce, but have lateral spires; they 
range from the Silurian strata to the trias. Undies gryphvs, 
(fig. 12, 6), a peculiar Devonian fossil, has a prominent beak, 
perforated in tlie young shell by a minute apical foramen ; 
the hinge-area is filled up by a deeply concave deltidium, on 
each side of which (but only in some specimens) there is a 
lateral pouch formed by an inflection of the margin of both 
valves. 

The family Orihidce consists of shells with a straight hinge- 
line, bordered by a flat, narrow area, with a central notch in 
each valve ; the ventral valve is furnished with articulating 
hinge-teeth, and the dorsal valve has short processes for the 
support of the oral arms, which appear to have been horizon- 
tally spiral (as in Airypa), Between the oral processes there 
is a central projection for the attachment of the cardinal 
muscles. Internal moulds of the Orthis (fig. 13, i) exhibit on 
the ventral side the single attachment of the adductor muscles 
in the centre, and on each side of it the cardinal muscles ; 
these are surrounded by the punctate ovarian spaces and 
impressions of the large pallial sinuses. Tlie genus Orthis 
includes 1 00 species, ranging upwards to the Permian, but it 
is most abundant in the Silurian rocks. Some of the lower 
Silurian species have a round foramen in the " pseudo-delti- 
dium," and are called Orthisiruc (d'Orb.) Other species in the 
tipper palaeozoic rocks have tlie beak twi8t<?d or deformed, 
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probably owing to the attachment of the shell when young 
(= StreptorhyruJiuSy King). In Strophomeim, Eafin ( =Lepi€ena, 
Dalm., fig. 13, 3), there is a minute byssal foramen when young, 
of which no traxje exists in the adult ; and the deltoid notch is 
also closed, except the space required to receive the divided 
cardinal process of the dorsal valve. The oral processes 




Fig. 13. 

Brachiopoda. 

Ortbis hysterita, L. (cast) ; Devonian, Rhine. 

Davidsonia Yerneuili, Bouch. ; Devonian, Eifel. 

Strophomena rhomboidalis, Wahl. ; U. Silurian^ Dudley. 

Prodacta semireticulata, Martin ; Carboniferous, Derbyshire. 

Chonetes striatella, Dahn. ; U. Ludlow rock, Herefordshire. 

Calceola sandalina, Lam. ; Devonian, fiifel. 

Obolus Apollinis, Eichw. ; L. Silurian, Northern Europe. 



8. Sipbonotrcta unguiculata, Echw. ; U. Silurian, firitaiu. 



appear to be shifted to the centre of the valve. The shell, 
when young, is plano-convex, but when it has attained a certain 
size the valves are bent over to one side or the other, and more 
or less suddenly. The pallial impressions are the same as in 
Orthis. 

Tlie genus Davidsonia (fig. 13, *), peculiar to the Devonian 
limestones, resembles an d^ihis attached, like Thecidium, by 
the ventral valve to corals, and someliraes taking the mark- 
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ings of the body on which it gi'ows, like the oyster and 
AnomuB, The pallial impressions are like those of Orthis, 
and the form of the spiral anns is indicated by prominences 
which almost fill up the interior of the shell in aged examples. 
Some indications have been obtained of slender calcareous 
spires for the support of the anns in this genus ; and also in 
Koninckiay a small shell from the trias of St. Cassian, in which 
there are always spiral grooves in the interior of the valves 
crossed by the impressions of the pallial sinuses. 

The anomalous fossil called Calceola sandalina (Lam., fig. 
13, ^ is also peculiar to the Devonian limestones. In shape 
it resembles Cyrtiay but has no hinge, and neither foramen nor 
internal processes, except a row of small projections along the 
hinge-line, and two small lateral groups of ridges in the 
smaller valve. Tlie interior is punctato-striate, but has no 
recognisable muscular markings. 

The Productidcc are altogether palaeozoic fossils, and most 
abundant in the carboniferous limestones. Their valves are 
concavo-convex, the hinge-line is straight, and the interior 
is marked with simple vascular spaces, and with distinct im- 
pressions of the muscles for opening and closing the valves. 
There are 60 species of Producta found in the upper palaeozoic 
rocks, having a very wide range in North and South America, 
and dispersed from Spitzbergen to Thibet and Tasmania. Some 
of them are extremely variable in form ; many are armed with 
long tubular spines, and others completely clothed with short, 
hair-like processes ; they have no hinge-teeth, and the hinge- 
area is extremely narrow, except in the sub-genus Avlosteges of 
the Bussian zechstein. Producta proboscidea has its convex- 
valve prolonged into a tube, as if for the constant supply of 
respiratory currents. The Permian genus StrophdUma has its 
valves articulated by hinge-teeth, and covered with long and 
slender hollow spines ; the shell is attached when young by 
the umbo of the large valve. Cfumetes (fig. 13, s) is distin- 
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guished from Producta {ib. 4) by a row of spines along the 
hinge-margin of the convex-valve ; it also has a narrow hinge- 
area with a covered notch, and small hinge-teeth. There are 
25 species in the Silurian and carboniferous strata, usually of 
small size, and finely striated. 

In the order LysoponujUa* the bell-valves are inarticu- 
lated, and in most are not completely calcii&ed. Crania is 
one of the oldest living types, ranging upwards from the 
lower Silurian. One of the earliest species appears to have 
been unattached^ and another to h'lave had hinge-teeth. 
Crania IgnabergensiSy of the chalk of Sweden, has the valves 
externally alike, being attached only when very young. The 
internal markings of (7. antiqua^ and other fossil species, are 
remarkably grotesque. Lower valves of this genus and of 
Theddium are not uncommon, attached to the tests of sea- 
urchins, in the chalk ; but upper valves are scarce, either 
detached or in situ. 

The Disdnidoi are few in number ; many are of ancient 
date, but they appear in every period. Some of the palaeozoic 
Discince {=Orbiculoidea^ d*Orb.) cannot be generically distin- 
guished from the recent species by any characters with which 
we are as yet acquainted; but others {^=Tremaii$y Sharpe) are 
ornamented with quincuncial punctures, and the casts exhibit 
indications of diverging internal plates, which imply very 
considerable difference in the organization of the animal. The 
genus Siphonotreia (Vemeuil, fig. 13, 8), peculiar to the Silurian 
formations, is covered with moniliform tubular spines. 

LingtUa^ which has given its name to one of the oldest 
fossiliferous rocks, is another form occurring unchanged in 
strata of every period. Only 34 species are known, and none 
of them are very common. The latest British Lingula is 
found in the coralline crag (older pliocene) of Suffolk ; the 
nearest living species is as far off as the Philippines. L, 

• Gr. li/o, to loosen ; poma, valve. 
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Davisiiy of the '*lingula flags^ iu North Wales, has a pedicle 
groove in the ventral valve, by which the posterior adductor 
(or cardinal muscle) must have been divided into two elements, 
as in the genus Obolvs (fig. 13, 7); externally it has all the 
appearance of an ordinary existing shelL From the fragments 
of Lingvla in the lower Silurian stiper stones of Shropshire, 
they appear to belong to a species distinct from L. Davisii, 
Obolua, Eichw. {=Ungtila, Pander) is so abundant in the 
lower Silurian sandstones of Sweden and Russia as to have 
given its name to the " obolite grit." In England it occurs 
only in the upper Silurian of Dudley. The shell is homy in 
texture, and often stained blue, like the Lingvla^ by the pre- 
sence of phosphate of iron. In shape it is regularly oval, and 
differs from Lingvla in the character of the internal muscular 
impressions. 

Class II.— LAMELLIBRANCHIATA.* 

This class is so named because the breathing organs (fig. 
14, p) are shaped like leaves or plates, two on each side, de- 
pendent from the inner surface of the mantle-lobes (a, h). The 
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Fig. 14. f> 

Psammobia florida. 



mouth is provided with ciliated tentacles {ih, h) usually much 
shorter than m the Brachiopoda, like which the present class is 
acephalous. A few genera are fixed either by a soldered valve 

* Lamella, a plate ; branehta, a gill. 
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or a bysaus, most are tree and locomotive ; in these, the foot 
{ib, e) is a muscular body developed from the ventral surface 
of the visceral mass. Where the foot is well developed and 
the muscular power frequently exercised, the breathing appa- 
ratus is usually complicated by distinct muscular tubes or 
** siphons," one {ib. g') for the entry, the other {g) for the exit 
of the respiratory currents of water. One valve of the shell 
is applied to the right, the other to the left side, of the body, 
the valves being articulated by interlocking parts called 
"teeth," and by elastic tibres called the '* ligament" at the part 
of the shell called the " hinge" (tig. 16). The valves are also 
attached to each other by one or two muscles, called *' adduc- 
tors," because they pull the valves together and close the 
shell. In this ope- 

ration they squeeze 

the ligament, which, 
by its elasticity re- 
opens the shell on 
the relaxation of p 
the muscular action. 
Each valve is a 
cone, shewing every 
grade of depth from 
the flat plate of the 
Placuna to the pro- 
duced and spiml 
cavity of Isocardia 

and Diceras; it is commonly shallow, with the apex or 
umio (fig. 15) turned to one side and directed forward. 
Place a bivalve shell in the position of the Cytherea (fig. 
15), and the direction of the umbo determines A as the 
anteiior border, and P as the posterior one; the upper 
or dorsal, and the lower or ventral border, are as marked 
in the cut. The length of the shell is taken from A to 




Fig. 15. 
Cytherea chione. 
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P ; its height or breadth at right angles from the dorsal to 
the ventral border ; its thickness is measured across the closed 
valves, at the most prominent part from the right to the left 
side. Transfer yourself in imagination within the shell (fig. 
15), with your head towards A and your back towards the 
dorsal border, and you will recognise the valve figured as the 
right valVa Anterior to the umbo there is usually an oval 
depression, forming a concavity in the outline of the valve ; 
it is called the lumUe, The hinge ligament is sometimes 
between the urriboneSy never anterior to them. If the shell be 
divided by a line dropping from the apex of the umbo into an 
"anterior'' and "posterior" part, it is never equally divided ; 
in other words, it is unequilateral. Pectuncidus is least so ; 
in Olyci/meris and Solemya the anterior moiety is longer than 
the posterior one ; in almost all other Bivalves it is shorter, 
as in Cyiherea ; commonly it is much shorter. Most LamelU- 
branchs are equivcUve ; that is, the right and left valves are of 
the same size and shape, as in Cytherea (fig. 1 5). The exceptions 
occur in the stationary and often fixed species, which lie on 
one side ; when the lower valve is deeper and more capacious 
than the upper one. This lower valve in the oysters (Ostrea\ in 
PandorOf and LyonsiOy is the left valve ; the smaller and flatter 
upper valve is the right one. In Chamostrea and Gorbvla the 
left is the smallest valve. The Placunce, Pectines^ Spon- 
dyliy and Aviculidce rest on the right valve ; the Anomue are 
attached by degenerated muscular fibres passing through a 
hole or notch in that valve to a more or less calcified lamellar 
plug. All these shells are called inequivalve. 

The bivalve is called dose when the valves tit accurately ; 
it is gaping if part of the borders do not come into contact 
when the shell is shut In Oastrochcena this permanent 
opening is anterior, and serves for the passage of the foot 
In Mya it is posterior, and serves for the passage of the 
byssus ; in Solen and Glycym^/ns the shell gapes at both ends. 



LAMELLIBRANCHUTA. 



65 



These and other particulars are noted in the description of 
fossil shells, and, when their inner or nacreous layer is pre- 
served, its impressions reveal the organization of the ancient 
fabricator and occupant as truly as do the processes and 
jointrsurfaces of fossil bones that of the extinct vertebrate 
animal To aid the yoimg Pfdseontologist in acquiring this 
essential knowledge for the successful study of fossil Bivalves 
the chief impressions are named in the subjoined figure of the 
internal surface of the left valve of the shell of a Cythercca 
(fig. 16). When two adductors are present, as in the bi- 
valves thence called " dimyary," they leave the " anterior** and 
"posterior muscular impressions ;** when one adductor only 
exists, it answers to the posterior muscle, but is more central 
in position (fig. 17, i). The oyster is a familiar example of such 
"monomyary" bivalve. When the " pallia! line** or " impres- 
sion ** extends in an unbroken curve fix>m the anterior to the 
posterior muscular impressions (fig. 20, 4), it may be inferred 
that the inhabitant of the 



shell had either no siphon, 
or a very small or a non- 
retractile siphon ; when 
the line is bent towards 
thecentrebefore it reaches 
the posterior adductor 
(figs. 16, 20, 8), the pre- 
sence of a retractile siphon 
is indicated, this notch 
being occupied by the re- 
tractormuscle of that part. 
When a foot is present, 



K^^^ 




Fig. 16. 
CytKerea chion^, left valve. 



its retractop-muscles usually leave recognisable marks on the 
interior of each valve. The siphons in some of the elongated 
Inclusa cannot be retracted into the shell ; they are conse- 
quently exposed, as in Psammdbia, fig. 14, g, g\ and Pholas; 

F 
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such species derive extrinsic shelter by burrowing in sand or 
stone. The mantle is that portion of the skin of the Lamelli- 
branch which, after investing the viscera, gills, and foot, is 
reflected, ventrad, in the form of plates and *' lobes" (fig. 14, ab) 
to line the shell which it has formed, and be produced, when 
needful, into breathing-tubes. 

More than a third part of the known fossil shells are 
the ordinary bivalves of the leaf-gilled class.* They amount 
to nearly 6000, while the recent species scarcely exceed 
half that number. Nevertheless it is a group which attains 
its maximum in the present seas. The genera are seven times 
more numerous in the newer tertiary than in the oldest geo- 
logical system ; and the number of species found in the entire 
Silurian series is less than 100, while the chalk contains 500, 
and the miocene 800. Out of 150 genera, 35 have become 
extinct, besides numerous sub-genera. The families Cfyprir 
nidce, Astartidcs and AncUinidce, have passed their maximum ; 
the Trigoniadce are nearly extinct; and the HippuritidcB have 
no living representatives. 

The monomyary bivalves, and others with an open mantle, 
attain a degree of importance at an early period ; and with 
them some of the burrowing families {Myaddce and Anch 
tinidcs) ; while the highest organized siphonated shells {e.g^ 
Veneridoe and Tdlinidce), unknown in the older rocks, are 
most abundant now. 

The family Ostreidce, distinguished from the Pectens and 
Anomice by resting on the left valve, contains two fossil forms. 
Of these, Exogyra resembles an oyster with spiral umbones, 
directed backward, or to the left hand ; it is an attached shell, 
characteristic of the cretaceous strata. The genus Qryphxa 
(fig. 18, i) abounds in the oolites, and is gregarious, but 
unattached, the umbo of the laiger valve being curved inward 
like a claw. A single Ostrea occurs in the carbomferous lime- 

* AcSphak9 Teitac^f Cuv. Cfonchifera of Lamarck and Deshayes. 
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stone, after which the species become abundant, and are with 
difficulty distinguishable from the smooth and plaited, or 
* cocks-comb," oyster of the present day. 

Several curious modifications of ATwmia and Placuna 
have been obtained in a fossil state. Limanomia (Bouchard) 
has ears like Lima, and is attached to shells and corals of the 
Devonian age. Placunopsis (M. and L.), found in the oolites, 




Fig. 17. 
PaUeozaic Bivalves. 

1. Aviculopecten, sp. ; Carboniferous^ Belgium. 

2. Posidonomya Becheri ; Carboniferous ^ Hesse. 

3. Ambonychia vetusta, Sby. ; Carboniferous^ Belgium. 

4. Myalina Ooldfussi, Dkr. : Carboniferous^ Vise. 

5. Ctenodonta cuneata, Hall ; L. Silurian^ Canada. 

6.. Lyrodesma plana, Conrad ; L. Silurian^ Hudson River. 

7. Ajdnos obacurus, Sby. ; Magnesian limestone, Durham. 

8. Conocardium armatum, Ph. ; Carboniferous, Tournay. 

9. Plenrophorns costatus, T. Br. ; Magnesian limestone, Durham. 

10. Grammysia cingnlata, His. ; Ludlow rocks, Kendal. 

11. Eldmondia, sp. ; Carboniferous, Belgium. 

has a transverse ligamental groove, which, like the umbo of 
the upper valve, is someway within the margin of the shell. 
And Carolia (Cantr.), a tertiary form of Placuna, has a byssal 
plug passing through a foramen like that of Anomia when 
young, but closed in the adult. 

Fossil Pedinidm are very numerous. Some of them in the 
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carboniferous limestone (e.g,, P. Sowerhyi) cannot be distin- 
guislied generically fix)m the living Pectens, and retain diverg- 
ing bands of colour. But the greater part of these old species 
are somewhat aviculoid in form (fig. 17, i), and their hinge- 
area is grooved with cartilage-furrows, like those of Area, 
The most beautiful forms occur in the chalk and greensand, 
and resemble the recent scallop {Janira^ Schum.) in the 
inequality of their valves, but are further characterized by the 
possession of articulating hinge-teeth like Spondylus, These 
constitute the genus Xeithea (fig. 18, 2). Plicattdce exist in 
the trias and oolites, along with shells referred dubiously to 
Hinnites and Sj^ondylus, True Hinnites (a sub-genus of 
Peden) are characteristic of the miocene. Spondyli appear in 
the greensand and chalk. Some of them (like the so-caUed 
** Plagiostoma spinosum^ are unattached; others resemble 
the recent deep-water S. Oussoniiy and have been called 
" Dianchorse." The inner layer, including the hinge of these 
shells, is seldom preserved. Lima proboscidea first appears 
in the lower oolite, and reappears in the great oolite, and in 
the Kelloway rock. Lima duplicaiOy and some other oolitic 
species, have two ranges of little hinge-teeth, but not like 
those of the recent species of LiTruea, The large and smooth 
or striated Limas of the oolite have been called PlagiosUymOy 
a name originally given by Ilhwyd. 

The pearl-oysters (Avictdidw) are also very abundant 
fossils : but owing to the frequent repetition of similar forms, 
it is difl&cult to determine the genera with any degree of cer- 
tainty by the aid of external characters alone. The Silurian 
species mostly belong to the genus Pterinea (Goldfuss,) and 
are broadly winged, and have the hinge-area striated length- 
wise, and a few-diverging hinge-teetL Ambonychia (Hall) 
resembles InoceramuSy and ranges from the Silurian to the 
carboniferous strata (fig. 17, 3). The Silurian genus Cardiola 
is ridged like a cockle ; and Posidonomya^ which is found in 
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all the palseozoic rocks, is very thin and concentrically fur- 
rowed (fig. 17, »). Many other genera have been proposed whose 
characters are even more imperfectly understood. Monotis 
{Salinarius) one of the common shells of the trias, has no 
anterior ear. Pteropema (Lycett), an oolitic form, has a 
winged shell, with numerous small anterior teeth and long 
posterior laminae. The genus GervUlia (fig. 18, 4), ranging 




Fig 18. 
Secondctry BivcUves. 

1. Grjphfta arcaata, Lam.; Lias, Charmonth. 

2. Pecten (Neithea) quinquecostata, Sby. ; Chalk, Sussex. 

3. PalTinites Adansoni, Defr. (internal mould) ; CoraUian, Rochelle. 

4. Gervillia anceps, Dh. ; L. Oreentand, Isle of Wight. 

5. InoceramuB sulcatus, Park. ; OauU, Folkestone. 

6. Cocullffia (Macrodon) Hirsonensis, D'Arcb.; Great Oolite, Min- 

chinhampton. 

7. Ifloarca cordiformis, Scblotb. ; Carallian, Nattbeim. 

8. Myophoria decnasata, Miint. ; Trias, S. Cassian. 

from the carboniferous limestone to the chalk, consists of elon- 
gated shells, with several cartilage-pits in the ligamental area. 
BakewMia^ found in the Permian, has an anterior muscular 
impression like Area. The recent genus Pema commenced 
in the lias or preceding formation, and exhibits great variety 
of shape. PtUvinites Adansonii (fig. 18, 3) appears to have 
been a Pema with a byssal foramen like Anomia ; and Inoce- 
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ramus (fig. 1 8, s), characteristic of the cretaceous strata and 
oolites, differs from Pema chiefly in form, the larger valve 
being sometimes completely involute, and resembling a 
NatUilvs. The genus Pinna, which appears to belong to this 
family, although provided with two adductor muscles, occurs 
fossil in the Devonian and all subsequent strata. Some of the 
oolitic species, distinguished by the name Trichites, are inequi- 
valve and irregular, and attain a thickness of more than an 
inch, resembling mineral masses of fibrous carbonate of lime. 

Amongst the mussel-tribe {MytUidce) are many Silurian 
species distinguished by their large, round, anterior muscular 
scar {Modiolopsis, Hall), and others which have a straight 
hinge-line and plaited valves {OrihonotuSy Conrad). Myalina 
has the cartilage-groove repeated (fig. 17, 4), and is found in 
the upper palaeozoic rocks. Sometimes the anterior adductor 
is supported on a shelf^ as in the recent Septifera and 
Dreissena. True MytUi and Modiolce abound in the oolitic 
strata. Dreissena, now confined to the rivers of the Aralo- 
Caspian region, or only naturalized in Western Europe, was 
represented by many species, and some of large size, in the 
eocene of Hampshire and miocene of Vienna. 

Fossil Arcadce are far more numerous than the recent 
shells, and mostly belong to the division GucvMasOy of which 
a single species survives in the Coral Sea. The palfieozoic 
Arks have anterior teeth like Arca^ and posterior teeth like 
CtunUlwOy and differ from both in the reduction of the hinge- 
area to a ncuTow tract corresponding with the posterior half 
only in the recent shells. The casts of Ark-like shells in the 
Silurian rocks are farther distinguished by a deep furrow 
behind the front muscular impression. These constitute the 
genus Ctenodonta (Salter), which has hinge-teeth like Niicula, 
and a prominent external ligament (fig. 17, s). Some of the 
oolitic Arks, with a byssal sinus, and the posterior teeth very 
long and parallel, form a sub-genus called Macrodon (fig. 18> 6). 
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Others, with prominent umbones, teeth like NucutOy and a 
striated ligamental area> fonn the genus Isoarca of Miinster 
(fig. 18, 7). Above 200 species of Nucida and Leda are 
known only as fossUs, and range through all the rock systems. 
The palaeozoic species are anomalous in form, and when better 
understood, wiU certainly be considered distinct as genera. 
YMia is a newer tertiary form characteristic of high northern 
latitudes ; and SoUndla occurs fossil in Patagonia and New 
Zealand. The problematic genus Solemya is supposed to 
have existed in the carboniferous period. PedtmciUi appear 
first in the cretaceous strata, being less ancient than LimopsiSy 
which occurs in the Bath oolite. A member of the latter 
genus found in the Belgian eocene has the ligamental area 
entirely behind the cartilage-pit, and is called Numndla by 
d'Orbigny. The *' Stalagmium" of Conrad {=^Myoparaj Lea) 
is identical with Crendla (T. Br.), a sub-genus of Modiola, 
found in the cretaceous and tertiary strata. 

The Trigcniadcd are represented in the lower Silurian 
strata by Lyrodeama (fig. 17, 6), a shell with several radiating 
hinge-teeth, striated transversely ; and in the upper palaeozoics 
by Axinus (fig. 17, 7) and several other imperfectly-known 
genera. Axinus occurs in the magnesian limestone of Durham, 
and in the permian (with Twrho and Rissoa) at Garford, near 
Manchester. The trias contains true Trigonice associated 
with the genus My&phorui (fig. 18, 8), which has the umbones 
tamed £Drwards, and a posterior hinge -tooth. The only 
member of this family which has yet been found in tertiary 
strata is the little genus Verticordia (Wood) of the crag. No 
Trigondte have been met with, although 100 species are known 
in the secondary rocks, and two are still living on the coasts 
of South Australia. 

Fresh-water mussels {Unionidce)^ of large size and various 
form, occur in the Wealden formation, and are not genericaUy 
distinguishable from recent shells; but those of the coal 
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measures and older rocks are extremely problematic^ and may 
even belong to marine genera. 

Of the genus Chama there is one species in the upper 
greensand and chalk of England, and another in the London 
clay. Elsewhere they are more abundant, amounting to thirty 
species. Closely allied to Chama is the Dieeras (Lam.), of 
which the remarkable casts attracted attention at an early 
period (fig. 18, i). They are found in the coral rag of France 
and Germany, and resemble the horns of some animal. The 
shell is attached by the umbo of either valve, indifferently, like 
some of the recent Chamas. The posterior adductor muscle 
is supported on a prominent ridge (as in Pachydesma, Mega- 
lodoriy and the recent CardUia\ which causes a spiral furrow 
in each horn of the cast. The shells which succeed Dieeras, 
in the lower cretaceous strata, have the right valve usually 
much smaller than the left, and in one instance (fig. 18, i) it 
is like the operculum of a spiral univalve. The only British 
species of this group is Bequienia Lonsdalii, foimd in the 
ironsand of Bowood. In France, and also in Texas, another 
form occurs, with the attached valve simple and conical, like 
a Hippurite. The ligamental groove is straight^ and the umbo 
of the free valve marginal. 

These shells are so intimately allied to the HtppurUicUe, 
that Requienia has been frequently included with them in 
the apocryphal order *' Eudista." The members of the Hippu- 
I'ite group are attached and gregarious, like oysters, often 
occurring in great numbers, and fiUing laige tracts of rock. 
Their valves are different in structure and sculpturing, and 
are articulated by two prominent teeth above and one below ; 
the cartilage is internal, but there is a conspicuous ligamental 
furrow outside. There are nearly 100 species characteristic 
of the cretaceous strata, and especially of the lower chalk, or 
" liippurite limestone.*' Only two species {Radiolttes Mortoni 
and Cajrrinclla triang\dari8) are found in England ; the rest 
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are from the West Indies, Southern Europe, Algeria, and the 
East The fonn which approaches nearest to Chama is the 
little genus Caprotina (fig. 19, 7), whose upper valve has a 
marginal umbo, but is in other respects like a miniature 
Radiolite. Caprina (d'Orb.) has the free valve perforated by 
canals which open in the inner margin, and in Caprindla the 
outer lamina of both valves possesses this structure. One 




Fig. 19. 
Secondary Bivalves. 

1. Diceras ari tinnm, Lam. ; CoraUian^ France. 

2. Bequienia ammonia ; Neocomiarij S. France. 

3. Monopleura trilobata, d'Orb. ; Neocomian^ Orgon. 

4. Hippnrites Toucasiana, d'Orb. ; L. Chalky France. 

5. RadioHtes angeiodes, Lam. ; L. Chalk, Gosaa. 

6. Caprinella Boissyi, d'Orb.; L. Chalky Valley of Alcantara. 

7. Caprotina semistriata, d'Orb. ; U. Oreenscmdf Le Mans. 

valve is sometimes spiral (fig. 19, 6), and partitioned off inter- 
nally by numerous septa, like the water-Spondylus, but so 
r^ularly as to resemble the chambered shell of a Nautilus. 
In the Radiolite (fig. 19, 5)> both valves are conical, and the 
umbo of the free valve (marginal in the very young shell) 
becomes central in the adult. The structure of the hinge is 
modified by the absence of any spiralitj' in the valves, but is 
essentially the same as in Caprotina and Diceras ; the promi- 
nent teeth of the upper valve support curved plates for 
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the attachment of the adductor muscles, which become con- 
tinually more undercut in the course of their growth. In 
Hippurites the anterior muscular plate projects horizontally, 
the posterior vertically, like a third tooth, for which it has 
been mistaken. In this genus there are two longitudinal 
inflections of the outer shell-wall beside the ligamental 
furrow, one corresponding to the posterior muscular plate, the 
other (or third) apparently a siphonal inflection like that in 
Trigonia and Leda (fig. 19, 4). 

The structure and afi&nities of Hippurite shells are ably 
treated of by S. P. Woodward in the ** Quarterly Journal of 
the Geological Society,'' Feb. 1865, pp. 40-60. Some had 
deemed them to be cephalopodous, some brachiopodous, and 
others anneUidous : but Cuvier's view of their lamellibranchi- 
ate nature is established, and the position assigned to the 
Hippurites by Quenstedt and Woodward, between the Ckamor 
ceoe and Cardiadce, is now accepted. 

The cockle-shells (Cardiadce)^ as they have a world-wide 
distribution now, had a corresponding range in time, and are 
found in all strata from the Silurian upwards. The com- 
monest fossil tribe of Cardium is ribbed concentrically on the 
sides, and radiately on the posterior slope, a style of ornament 
almost unique amongst the 200 recent species. The Caspian 
cockles^ distinguished by a sinus in the pallial line, appear to 
have inhabited the Aralo-Caspian region almost fix)m the 
middle tertiary period; the hinge-teeth are reduced to one 
(Monodacna) or two (Didama) in each valve, and are some- 
times qiute wanting even in the young shell (Ada4ma, Eichw.) 
LiOiocardiwm aviculare (fig. 20, 7) is a characteristic shell of 
the Paris basin, and appears to have spun a byssus, like the 
fry of some recent cockles; it also resembles the oriental 
Tridacna, of "which a species is found in the miocene of 
Poland. The genus Conocardium (fig. 17, 8) of the upper 
SUurian and carboniferous systems is remarkable for the 
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prismatic cellular structure of its shell, and the truncation of 
the posterior (?) side of the valves, which are furnished in 
some species with a slender siphonal process. 

The iMcinidcB, allied to the cockles in their hinge-structure, 
are also plentiful in the fossil state, and have as wide a range. 
They are usually recognisable, even when in the condition of 
internal casts, by their circular form and the oblique ridge on 
their disk. Casts of Lucma also exhibit the peculiar njurrow 
outline of the anterior adductor detached from the pallial line. 
GryptodoTiy Dvplodontdy Kdlioy and Pythina are found in the 
eocene tertiary. CorbiSy under the sub-generic form of Sphceroy 
commences in the trias; another modification, found in the 
oolites and chalk {Unicardiumy d'Orb.), is edentulous; and 
Tancredia (Lycett), a compressed triangular shell, with a 
dentition like CorbiSy is frequent in the lias and oolite. 

The fresh-water Cycladidce are represented in the Wealden 
and eocene by many species of Cyrenciy mostly of small size. 
The recent Corbicula fluminalis of eastern rivers is a common 
fossil of the pliocene tertiary in England and Sicily. 

The Cyprinidm and Astartidce are more abundant as fossil 
shells, and had a wider range of old than at the present day. 
Nearly 100 species of Cyprina have been catalogued, com- 
mencing in the trias; the dentition of the older species is, 
however, somewhat peculiar. The Isocardioe are almost as 
numerous, and have the same range, but many of the fossil 
Isocaidia-looking shells are really related to the Anatinidce. 
A yet higher antiquity has been assigned to Cypricardia, a 
genus now very scarce and difficult to obtain, on account of 
its habit The palaeozoic PUwropTvorus (fig. 17, 9) is dis- 
tinguished by the prominent ridge behind the anterior 
muscular impression; and Megalodon (J. Sby.), by the plate 
supporting the posterior adductor. This genus is represented 
in the oolites by Pachyrisma (fig. 20, 1), and in the tertiaries 
and modem seas by Cardilia, 
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The genus Astarte, now limited to a dozen species in the 
North Atlantic and Arctic seas, has an almost world-wide 
geological distribution, and counts 200 species in d'Orbign/s 
catalogue, commencing with the lias period. Crasmtella^ now 
almost a southern form, is conmion in the cretaceous and 
tertiary strata of Europe. Closely allied to Astarte is the 




Fig. 20. 
Secondary and Tertiary Bivtdves. 

1 . Pachyrisma scptifenim, Bar. ; OoraUiain, Meiise. 

2. Cardinia hybrida, Sby. ; jLuu, GlouceBter. 

3. Opis lunulatas, Mill. ; Inf. OoUUf Bayeux. 

4. Tancredia secnriformiB, Dkr. ; Lias^ Saxony. 

5. Sowerbya crassa, d'Orb. ; Oxfardiant Ardennes. 

6. Goniomya Bcripta, Sby. ; KeUoioay rock, Wilts. 

7. Lithocardium aviculare, Lam. ; Eocene, Paris. 

8. Graieloapia irregulariH, Bart. ; Miocene, Bordeaux. 

9. Teredina personata, I Am. ; Bk)une, Bognor. 

extinct genus Opis (fig. 20, 3), of which there are 42 species 
in the secondary series ; and Cctrdinia (fig. 20, »), characteristic 
of the lias and oolites. The so-called Unios of the coal 
measures (ArUh/racosidy King) are probably members of this 
group.* One hundred species of GardUa (including Vefurir 

* "They occur in tbe valuable layers of clay-ironstone called 'mussel* 
bandn,' associated with Nautili, Discina^ etc. In Derbyshire the musael-band 
is wrought, like marble, into vases."— Woodward. 
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cardia) are found in the secondary and tertiary strata; of the 
50 recent forms, one only is Arctic, and this occurs in the 
glacial deposits of England. The allied genus Myocmicha 
is characteristic of the older secondary rocks, and Hippo- 
podium of the lias. 

The Veneridce are pre-eminenly characteristic of the tertiary 
and present period. Some obscure species of Venus are found 
in the oolites : better marked species of Cytherea occur in the 
greensands ; Artemis^ Trigona, Lucinopsisy Venerupisy and 
Tapes appear in the middle tertiary ; Petiicola in the eocene. 
The only extinct form is Grateloupia (fig. 20, 8), which differs 
but little from Trigona, 

The Mactras and Tellens are also comparatively modem 
groups ; most of the supposed oolitic species belong to the 
LucinicUcy except Sowerbya (fig. 20, s), which has a pallial sinus, 
and 18 found in the oolites of Malton and Portland. Psam- 
mdbice and Mesodesmce occur in the greensand; Do7iax and 
Syndosmya in the eocene; Gastrana (= Venerupis, Lam.) and 
Lutraria in the miocene. Lutraria rugosa^ still living on the 
coast of Portugal, is fossil in the raised beaches of Sussex. 

The oldest forms of razor-fish {Solenidce) are those with 
the transverse internal rib {Solecurtus)^ which occur in the 
neocomian, whilst true Solens and Glycimcris appear first in 
the eocene strata. The genus Mya^ as now restricted to the 
species resembling M, arenaria, are only met with in the 
newer tertiary. Corhda ranges upwards from the lower 
ooUtes; Necera appears in the upper greensand; and Thetis 
{=^PoTomyay Forbes) in the neocomian. 

Above 100 species of Panopma (a genus essentially like 
iiyd) have been obtained from oolitic and tertiary strata in 
all parts of the world. They are with difiSculty distinguished 
from those equally numerous forms of Anatinidce which have 
been associated with Pholadomya on account of the tenuity 
of their finely-granulated valves; they constitute the genus 
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Myadtes (Bronn), and occur in the palaeozoic and secondary 
rocks; some of the oolitic and cretaceous species are distin- 
guished by V-shaped furrows (fig. 20, 6). Still more numerous 
are the fossil forms of PTioladomya, which range upwards from 
the lias, but are reduced to a single species now living in the 
Caribbean seas. Shells with the umbones fissured like AncUina 
also occur in the oolites. Pandora first appears in the older 
tertiary. Amongst the extinct genera referred to this family 
are the Silurian Orammysia (fig. 17, »o), with valves folded 
transversely; the carboniferous Edmondia (fig. 17, "), with 
large oblique cartilage plates; the palaeozoic Cardiomorpha, 
shaped like Isocardia; and the oolitic Keromya (Ag.), which 
also resembles the heart-cockle in form. Cercomya is an oolitic 
Anatina, with the posterior end of the valves much attenuated. 

The genus Oadrochoena appears in the lower oolites; and 
casts of its burrows are frequently preserved after the decom- 
position of the coral in which they were made. Clavagella 
dates from the upper greensand, and AspergUlum from the 
miocena Saodcava is found in the newer tertiary and raised 
beaches of Northern Europe ; and the great species commonly 
called ** Panapcea^ Ncmvegica is a characteristic fossil of the 
newer pliocene of Britain and Greenland. 

The Pholades and ship-worms appear first in the oolitic 
strata. Forms resembling the recent Martesia striata have 
been discovered in fossil wood of the lias and Speeton clay. 
Jouannetia (Desm.) was first known as a miocene fossil; and 
Pholas occurs in the older tertiary. Extinct species of Teredo 
are found in the silicified wood of the greensand of Blackdown 
and in the fossil palm> fruits of Brabant and Sheppy. The 
drift-wood of the London clay is usually perforated by the 
ship-worm, and also by an extinct form (Teredina, fig. 20, 9), 
which resembles Martesia in possessing an umbonal shield: 
when adult it not only closes the anterior pedal opening, but 
also cements its valves to the shelly lining of its burrow, like 
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au Aspergillum, Specimens have been obtained in which the 
whole interior of the valves and tube had been excessively 
thickened towaxds the close of life by successive layers of 
shell. 

Class m.— ENCEPHALA. 

About three-fourths of the MoUvsca are ** encephalous," or 
have a distinct head, commonly with eyes and tentacles, and 
the mouth has a peculiar and complex preparatory organ of 
digestion. 

The mantle, properly so called, is the free fold or folds of 
the skin, produced usually fix)m the dorsal surface, and is in 
functional relation with the breathing organ and the shell. 
By the preservation of the latter we learn that the encephalous 
grade of molluscous oiganization dates from the deposition of 
the old Silurian beds now forming the Uandeilo rocks. 

Sub-Class.— PTEROPODA. 

The Pteropoda are so called on account of the resemblance 
of their principal organs of 
motion (fig. 21, (7) to a pair of 
wings, both as to form and in 
their mode of action on the 
surrounding medium. They 
are small marine floating 
species, and might leave evi- 
dence of their existence in 
deposits of the deepest ocean. 

The greatest extremes of form 

, . , . , Fig. 21. 

are presented m this order, — 

1? IT f /r» HycHaeairidentata.magn. 

some species of Hyalcea (fig. 

22) being almost globular ; others, as certain CUodorce being 

very long and slender. The shell is always characterised by 
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Fig. 22. 
Hyalcea triderUata. 



the delicacy and transparency of its texture. It deviates 
least from the ordinary form of the spiral univalve in Spir 
rialis and some allied fossils. In Limaeina the turns of the 

shell are reduced to one whorl and 
a half. In Hyalcea (j&g. 22) the 
shell resembles a bivalve, in which 
the two valves have been cemented 
together along the hinge k^ leaving 
a narrow fissure in front and at the 
sides. The ventral valve, g, is most 
convex, the dorsal one,/, most produced, overhanging the fis- 
sure-like opening, i, through which the head and swimming 
lobes are protruded. In Cleodora the shell is narrowed and 
lengthened out, the two plates being united together along the 
sides, so as to leave only an anterior aperture. 

Fossil shells of both Hyalcea and Cleodora are found in the 
newer tertiary of Italy, with Vagindla (fig. 28, n), a form 

allied to Ctmetna (fig. 23). But 
^^ the occurrence of Pteropoda in 
the older rocks is attended with 
considerable obscurity. The Ettr 
ompTiali (fig. 26, 4), which charac- 
terise those rocks, have multispiral calcareous opercula, like the 
recent Cyclostrema ( = -4 deorhis). The genus Madurea (fig. 26, 9), 
which has been regarded as a " left-handed" ErwmphaluSy is pro- 
bably very different ; it has a thick shelly operculum, sinistraUy 
spiral, and furnished with an internal process, as the Nerites 
are ; the spire is sunk and concealed, whilst the whorls are 
exposed on the flattened under-side; it occurs in the older 
Silurian rocks of Scotland and North America, In EiwmphUus 
rugosvsy from Illinois coal-beds, all the volutions are exposed 
in the wide and shallow umbilicus. Ecculwmphalus is like 
an incompletely convoluted EtcompJuilvs ; Madwrea is like 
Euomphalus with a depressed spire ; the shells called Theca 
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Fig. 23. 
Cuvieria columneUa. 
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are slender and conical ; Pterotlieca Las a wing-like expansion ; 
and Conularia (fig. 26, lo) is a four-sided sheath, with the 
apex partitioned off, as in tlie recent Cuvieria. If really 
pteropodous, these shells are the giants of the order. 

Sub-Class.— GASTEROPODA.* 

In the encephalous Mollusca grouped together under the 
above name, the muscular disc for creeping is developed from 
more or less of the ventral surface of the body. 

Aberrant Order. 

In the Nuclcobranchiata, here exemplified by the oceanic 
Atlanta (fig. 24), the ventral foot is as little developed as in 
Pneumadermo7i and some other Ptercypoda, 




Fig. 24. 
Atlanta Keraudrenii {n\&^.) 

There are two existing families of nucleobrauchiate Mol- 
lusks ; the Firolidos, with lai'ge and unprotected bodies ; and 

• Gr., gaster, belly; pout, foot. 
Q 
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the Atlantidc€y which can retire into their shells and close them 
with an operculum. The known fossil forms belong chiefly to 
the latter division. Both animal and shell are sjrmmetrical, 
or nearly so ; the nucleus of the shell is minute and dextrally 
spiral. 

The soft parts of Atlanta are divisible into a "somatal" 
and a "pallial'' region. In fig. 24, the former or chief fleshy 
part of the body is out of the shell ; the pallial or visceral 
part is in the shell, wliich latter is an appendage to it. Tlie 
"soma'' is divided into the cephalic A, pedial B, and the lid- 
bearing tail or operculigerous lobes c,/. The head, or cephalic 
lobe, includes the mouth-mass a, the tentacles J, and the eyes 
/; the foot is divided into the **fin" B, and the **disc" d; the 
tail includes the **leaf " e, and the '* lid" or opercule/, with its 
surface of attachment, / is the gidlet, m the crop, n the 
stomach, o the intestine, p the liver, q the kidney, 8 the heart, 
h the branchial chamber, i the gill, u v the chief ganglions of 
the nervous system. The shell of the Atlanta^ besides the 
beauty and symmetry of its shape, purity of colour, and 
delicacy of texture, is remarkable for combining two conditions 
of shell-tissue ; retaining a large proportion of the mouth, or 
last-formed part, in a soft flexible quasi-cartilaginous state, 
the rest of the shell being vitreous. Only the body-part^ 
therefore, could be expected to become fossilized, and this 
circumstance should be borne in mind while comparing those 
fossil imivalves, w^hich in their symmetry resemble the 
NautUuSy but are unfurnished with air-chambers. Such most 
probably belong to the Kucle^hranchiatay and especially to 
that division typified by the Atlanta, The genus Po7'ceUia, 
characteristic of the carboniferous age, has a discoidal shell, 
with a spiral nucleus projecting, as in Atlanta, from the right 
side ; the whorls are exposed, and marked with a narrow band 
along the back, ending in a deep slit (fig. 26, 6). Another 
genus {Belleraphon) resembles the recent Oxygyrus in its more 
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globose foiin, with a similar uari*ow uuibilicus on either side 
(fig. 26, 7), wanting, however, in B, nodocariiiatus of the 
Ulinois coal-beds. Sometimes the shell is thin and the aper- 
ture expanded, like a trumpet, whilst other species are globu- 
lar and solid ; the former may have been tenanted by large 
ammals living at the surface of the open sea, tlie latter seem 
to have been more adapted to protect their owners crawling 
over the bottom, for it can scarcely be insisted that all were 
necessarily floaters on account of their organization. The 
species of Bellerophon are numerous in all the pala3ozoic rocks, 
and some of the smaller kinds appear to have been gregarious : 
those with disconnected whorls have been called Cyrtolites 
(Conrad) The Bellerophina of d'Orbigny (fig. 27, 11), is a 
minute shell found in the gault. 

The family Firolidoe includes the Nucleobranchs in which 
the shell is wanting, or uncalcified, or is very small com- 
pared with the bulk of the animal. A single species of the 
genus Carinarioj the most beautiful of the group, with a 
hyaline shell shaped like that of the Argonaut, suspended 
fix)m the body, has been found in the middle tertiary of Turin. 

Normal Orders, 

In the majority of (Jastropods the shell is a '* spiral uni- 
valve,*' the varieties of which are shewn by an immense series 
of fossils. The most simple form of univalve shell is the cone, 
which may be much depressed, as in the genus Umbrella^ or 
extremely elevated and contracted, as in Dentaliurriy or of more 
ordinary proportions, as in the limpets {Patella). The apex of 
the cone is always oblique and eccentric ; directed, in limpets, 
towards the head, but in other Gastropods towards the opposite 
extremity of the body. The spiral univalve is convoluted, 
sometimes in the same plane, as in Planorbis, but more usually 
in an oblique direction, as in Triton (fig. 25). The apex of the 
shell a is formed by the nucleus, or the part which was deve- 
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loped in the egg. The spiral turns of the shell w, w are called 
" whorls/' the last %l\ ac being the ** body-whorL" The lines 
or grooves fonned by their junction are the " sutures," «, s. 
The "whorls" above the body-one fonn the "spire" of the 
shell, pc to a. 

As a general rule, the spiral univalve, if viewed in the 
position in which its inhabitant would carry it were it moving 
forwards from the observer, is twisted from the apex down- 
wards from left to right, the spire being directed obliquely 
towards the riglit : but in a few genera, e,g., CUmsUia^ Phym^ 
the shell is twisted in the opposite direction when it is 
called "reverse" or "sinistral;" some individuals of BtUinvs, 
PartuUty and Pupa, and a few marine species, e.g^ Fusus sinia- 
trosus, are sinistral The part aroimd 
which the spiral cone is wound is 
termed the "columella, o;" it is ex- 
posed by removal of part of the shell 
in fig. 25. This central pillar is some- 
times simple, sometimes grooved, 
sometimes plicated ; in some shells it 
is solid, in some hollow, as in Solarium 
and Z)o/tMm,where the narrow elliptical 
aperture of the columella is seen to 
the left of the wide shell-aperture ; it 
is termed the umbtlictis. In Solarium, 
as in Philippia, the apex of the shell 
is inverted, and can only be seen by 
looking into the umbilicus. 

The wide aperture which forms 
the base of the spiral univalve is 
boimded by an "outer-lip" (fig. 2oypc, 
ac) and an " inner-lip ;" the latter ofiers a smooth convex sur- 
face, over which the foot of the Gastropod glides to reach the 
ground. In many univalves, including most v^etable-feeders, 
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the aperture of the shell is entire ; in others it is interrupted, 
the left side being formed only by the ** body-whorl :" or the 
** peristome" (as the margin is called) may be broken by a 
notch, like that which separates the outer lip from the 
umbiUcus ; or it may be perforated by one or more holes ; or 
a portion of it may be produced into a canal or siphon; 
this (fig. 25, acy) is sometimes termed the " anterior canal," and 
the notch or hole at the opposite end of the peristome is called 
the *' posterior canal "^c. These modifications are important, 
on account of the constancy of their relations to certain con- 
ditions of the respiratory organs. Thus all the pectinibranchi- 
ate Gastropods, in which the wat^r is conducted to the shell 
by a muscular tube or siphon, have the margin of the aperture 
either notched or produced into a canal, ac : the posterior 
one, pcy is anal in its function (Triton, StromUdce) : sometimes 
it is represented by a slit {Scissurdla), or it is a tube {Typhis)^ 
or a perforation {Fissurella), or a series of holes, as in Haliotis. 

The relations of these modifications of the univalve shell, 
which anatomy has made known, enable us to judge in a 
general way, from a fossil shell, of the sphere of existence, of 
the respiratory medium, and to a certain degree of the food 
and habits, of its extinct constructor. The Gastropods, which 
first appear in the Palaeozoic strata have entire mouths ; the 
siphonated species are not found lower than the Lias, and 
they go on increasing in numbers in and from the Tertiary 
series to the actual sea-shore. 

Fossil univalves — the remains of spiral and limpet-like 
shells — are not wanting in any but the very oldest fossili- 
ferous. rocks ("Ungula flags"). From the lower Silurian, 
where less than 100 species referable to scarcely more than 
ten genera, are found, they increase in number and variety 
slowly and regularly up to the newer tertiaries, which have 
afforded ten times as many genera and twenty times as many 
species. Tlie total number of fossil marine univalves is less 
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than 6000 ; the recent exceed 8000 ; and although we may 
expect to discover more new fossil species than recent, yet it 
is evident that, in comparison with past conditions, the group 
of univales has only now attained its maximum development. 

Between the extinct and living air-breathers the numerical 
discrepancy is still greater. About 300 land-snails, and half 
as many fresh-water Pvlmonifera^ are enumerated in the fossil 
catalogues ; but the greater part of these are recent species, 
and the whole bears but a small proportion to the number of 
living land-snails, which exceeds 4000. That many more have 
formerly existed is indicated by the fact, that the fossil land- 
snails of the older tertiaries of Europe are entirely different 
from their living successors, and most nearly represented at 
the present time in the West Indies and Brazil. The generic 
forms peculiar to oceanic islands (remains of old continents) 
are more numerous than those of the mainlands, as if this 
order had once been more important. But the circumstances 
favourable to their petrifaction must have been of such rare 
occurrence as to preclude the probability of attaining more 
than the scantiest information concerning them. 

From the large proportional number of living Gastro- 
pods, and the great amount of information which has been 
obtained of late years respecting their structure and habits, it 
might be expected that the affinities of the fossil univalves 
would be easily worked out, and their indications fully 
interpreted. Such, however, is not the case. Univalve shells 
present no internal markings, easily accessible like those of 
bivalves, and exhibiting the essential chai-acters of the soft 
parts ; and their external forms are often so overlaid with 
ornament, and disguised by mimetic charactei's, as to mislead 
upon a first examination. Shells of any family may be 
limpet-shaped, or turret-ed, or discoidal, plain or ornamented. 
It is more desirable to ascertain whether tliey have been 
nacreous or porcellaneous: whether the apex (or nncleu^i) 
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presents any peculiarities; and if operculated, whether the 
operculum was pauci- or multi-spiral. 

The eailier describers of fossil univalves unhesitatingly 
recognised many familiar recent genera, even in the older 
rocks. But their Melanice were marine shells ; the supposed 
Bticcinum had no notch ; the Solarioe were pearly ; the Nerittx 
assumed, when adult, the irregular aperture of Pileopsis ; the 
Katicoe had non-spiraJ opercula; and the Madurea was 
figured upside down. 




Fig. 2G. 
Palaeozoic Univalves. 

1. Loxonema Lefeburei, L6v. ; Carboniferous, Tournay. 

2. Macrocheilus Schlotheimi, d'Arcli.; Devonian^ Eifel. 

3. Scoliostoma expansilabrum, S<]gr. ; Devonian^ Nassau. 

4. Euompbalus sculptus, Shy. ; Weidock Limestone, Maj Hill. 

5. Murcbisonia angalata, Ph. ; Devonian, Eifel. 

6. Porcellia Puzosi, L6v. ; Carboniferous, Toumay. 

7. Bellerophon bi-carinatus, L6v. ; Carboniferous, Tournay. 

8. Tubina armata, Barr. ; U. Silurian, Bohemia. 

9. Maclurea Peachii, Salter ; L. Silurian, Sutherland. 
10. Conularia quadrisulcata, Sby. ; CarhoniferouSf Lanark. 

The more closely palaeozoic univalves are examined, so 
much the more do they appear to differ from ordinary recent 
types ; and the search for allied forms has to be conducted 
amongst the rare and minute and least imderstood of recent 
shells. 
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Strombidce, — The Stix)mbs with their massive shells, never- 
theless, resemble the fragile Nucleobranchs in some respects. 
They have the same lingual dentition, and the same carni- 
vorous habits ; and though living on the sea-bed, they rather 
leap than glide, having a narrow sole and a deeply-divided 
operculigerous lobe. Characteristic of the warmer zones of 
existing seas, they are only found fossilized in the newer 
tertiary strata of countries south of Britain ; but there is a 
group of little shells related to the recent Stromtms Jissurelltis 
iju the older tertiaries of London, Paris, and America, to which 
Agassiz has given the name Rimella. The allied genus of 
scorpion-shells {Pterocera)^ now peculiar to eastern seas, has 
been described as occurring fossil in the secondary strata of 
Europe ; but the extinct species appear to be more nearly 
related to Aporrhais, This genus, now confined to the 
western shores of Europe, occurs in aU the tertiaries, and is 
represented in the secondary rocks by many remarkable 
forms. Some have been separated under the name Alaria, 
and to this group the so-caUed Pterocera BenMeyi may perhaps 
be referred (fig. 27, *). Rostellaria and Seraphs (or Terebellum), 
now peculiar to the Eed or eastern seas, are conspicuous 
fossils of the European eocene, at which time their range 
extended to America. Some of the ancient Eostellarias have 
the outer lip enormously expanded, as in the R, ampla {Hip- 
pocrena) of the London clay. In the oolite and chalk there 
are slender fusiform shells (Spinigera, d'Orb., fig. 27, i) with 
spines on the sides of the whorls, as in some recent Ranellcc, 

Miunddm, — The great family of whelks, by far the most 
important group of living sea-shells, is scarcely of higher 
antiquity than the eocene tertiary. The Purpurina of the 
oolites (fig. 27, 3), and Colu^nbellina of the chalk, are extinct 
genera somewhat resembling Ptcipura and Columlella. But 
since the so-called ** cones " of the oolites have proved to be 
To^matcUa:, it may not be unreasonable to distrust these other 
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presumed affinities. The huge univalve of the chalk, which 
Sowerby called a Dolmniy has been described as a Pterocera 
by d'Orbigny. In the tertiaries siphonated univalves abound, 
and are mostly referable with certainty to recent genera. 
The only marked change consists in the comparative abund- 
ance of some scarce existing forms, and the absence or mrity 




Fig. 27. 
Secondary Univalves. 

1. Spinigera, sp. ; 0:c/brd Ctoy, Chippenham. 

2. Alaria Bentleyi, M. and L. ; Great Oolite, Collyweston. 

3. Purpurina Morrisii, Buv. ; Great Oolite^ Minchinhampton . 

4. Nerinsea Bruntrutana, Thurm. ; CoraUian^ Poland. 

5. CroBsoBtoma Pratti, M. and L. ; Cheat Oolite^ Minchinhampton. 

6. Trochotoma conuloides, Deal. ; Great Oolite^ Minchinhampton. 

7. Neritoma bisinnata, Buv. ; Oxfordian, Ardennes. 

8. Pileolus plicatus, Sby. ; Great Oolite^ Ancliflf. 

9. Cinulia incrassata, J. Sby. ; U. Greensandj Blackdown. 

10. Acteonina concava, Deal. ; Lias, Normandy. 

11. Bellerophina minuta, Sby.; GauU, Folkestone. 

of many now most conspicuous. Moreover, the geographical 
distribution of the genera has undergone a great change since 
the close of the eocene period. This change is most notice- 
able in the cold-temperate zone, and is evidently the result 
of altered climate. The noi-them seas must ever have been 
inclement, and the tropical seas always tropical ; but the 
latitude of England, being most liable to vicissitudes of 



'90 



PALEONTOLOGY. 



climate, might be expected to shew the greatest variety, 
and the most complete and rapid alterations of organic life. 
In the London clay are found many species of Clavellay 
TyphiSy Mitra, Psevdolivay Olivay and Ancillaria; and some 
extinct forms {Leiostoma and Strepsidura) related to Fvsus. 




Fig. 28. 
Tertiary Univalves. 

1. Nautilus (Aturia) zic-zac, Sby. ; Eocene, Britain. 

2. Nautilus zic-zac, front view of a $eptttm. 

3. Conorbis donnitor, Sol. ; EocenSj Britain. 

4. Boraonia lineata, T. Edw. ; M. Eocene^ Hants. 

5. Volutilithes luctator, Sol.; Eocene, Britain. 

6. Natica (DesbayeBia) cocblearia, Brongn. ; Eocene, N. Italy. 

7. Turritella (Proto) catbedralis, Brongn. ; Miocene, Bordeaux. 

8. Ncrita (Velates) perversa, Gm. ; Eocene, France. 

9. Helix (Lycbnus) Matberoni, Req. ; Eocene, S. France. 

10. Ferussina tricarinata, M. Br.; Miocene, Hockbeim. 

11. Volvaria buUoides, Ijam.; Eocene, Grignon. 

12. Vaginella depressa, Bast. ; Miocene, Bonleaux. 

The middle tertiary, wanting in England, but largely deve- 
loped in Central and Southern Europe, also contains many 
genera belonging now to wanner latitudes, and many species 
still living in the south- In the newer tertiaries of Europe 
these southern forms disappear, and are gradually replaced by 
others of an opposite character {TrophoTiy Neptunia, and Tricho- 
trapis), now inhabiting the Arctic and boreal coasts. The entire 



GASTEROPODA. 91 

number of fossil Muriddce amounts to 1000, or about half as 
many as the recent. The older tertiaries of England also 
contain species of Triton^ CassidariOy Cancellaria, and PyrulUy 
shells (now foreign to our seas), which have formerly been 
included in this family. 

Conidce. — The Cones and Pleuix)tomas appear first in the 
chalk, and are abundant in the eocene, accompanied by an 
intermediate form (Conorbis, fig. 28, 3), and another extinct 
sub-genus {Borsoniay fig. 28, 4), in which the column is 
plaited, as in Mitra. The genus Terebra is more common in 
the miocene. 

Volviidoe. — The Volutes also appear as cretaceous fossils 
in Europe and Southern India ; they are very abundant in 
the London clay, and one occurs in the English crag. The 
ancient species (fig. 28, 5) are mostly distinguished by their 
spires being acute, as in Mitra, a peculiarity only found in one 
very rare living (?) species, dredged from a bed of dead shells 
in 132 fathoms water (792 feet) off the Cape. The crag Volute 
resembles the Magellanic form. Cymha olla, the only living 
European Volute, is a fossil in the pliocene of Majorca. 

Cyprceidoe, — The Cowries form another group of sub- 
tropical shells once common in the temperate zone. Several 
large species are found in the London clay, most nearly 
related to the southern Cyprovula; whilst the crag contains 
only members of the sub-genus TrimOy one of which still 
lives on our coast. 

As regards bulk, there are no fossil species of Ftisus, 
Tritorij Cassis, Stromhus or Voluta, to compare with those of 
the present day. The ** fountain-shell " {Stromhus gigas), of 
which so many are imported from the West Indies for the 
manufacture of cameos, may weigh 5 lbs. 

Holostomata* — The round-mouthed shells, whether animal- 
feeders or vegetarians, make a conspicuous figure amongst the 
* Gr. hcHos whole, and $toma mouth. 
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fiissils of an oairlier period than that in wliich the last group 
iH'^n to flourish. The carnivorous Natiddm and Pyramidd- 
h'ihr an* n»pri*sonteil in the palffiozoic strata by Xaticapsi^y 
fMnmmuf ^fig. 2(5, i), and Macrocheilus (fig. 26, ^) ; most of the 
siHvios of the hitter genus from tlic coal-measures of Oliio and 
Itliiiois aiv xwoTf} ventricosc than the one figured from the 
Devonian KhI in Germany. The oceanic violet-snail {Ian- 
thiiui^. si> unlike any other existing shell-fish, seems related to 
the Silurian Scalifc,% liaphistoma, and Iloh/peu. Shells like 
Srtihria and Sohnitm occur in the trias and oolites associated 
with C/wmJiifzia- (() of extmordinarj' size, and species of 
Kftlimtt ami Xiso. Tliese families of shells and the Ccrl- 
thitfdiT arc more abundant fossil than recent, the known 
numlK?r3 being 1500 extinct and 900 living forms. Solan'a\ 
witli disconnected whorls and pyramidal opercula {Bifrmxtid^ 
1>1l), arc common in the eocene tertiary, and a single living 
8])eeies (5. zaiicla:a) has been discovered by M*Andrew% 

Amongst the tertiary Naticas are many with an oblique 
apeiturc and peculiar perforation {GlohuluSy J. Sby.,=^'l mpuU 
Hnay Bl.) and others with prominences on the pillar {Desliaye- 
sia^ fig. 28, 6). The Kerinaas of the oolites are remarkable for 
the spiral ridges (like the "worm" of a screw) winding reund 
their interior, and giving rise to the variety of singular pat- 
terns seen in sections (fig. 27, 4). A similar structure exists 
in the recent "telescope-shell" (Tereh-alm). The fresh-water 
univalves of the Wcalden and older tertiaries differ but little 
from their recent congenei-s of the genera Paludinay Potatimhs, 
Melanin^ and Mclanopsis, Fossil Turritcllcc are of doubtful 
occuiTence before the tertiary; the Silurian species have the 
peristome complete {Holopcllay M*C.) ; another form {Protu, 
lig. 28, 7) is characteristic of the miocene. Fossil Trochidir 
arc veiy numerous, but hitherto many Litorinidcv have 
doubtlejss been included with them. Perhaps no true Turho 
is known from strata before the cretaceous. 
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The bonnet-limpets (Calyptrceidce) are common in the 
old rocks, which also contain a few species of Chiton and 
shells like DerUalium. The DeTUcdium primarium is from 
Devonian limestone of Illinois and D. obsoletum from the 
coal measures of the same part of JSToitli America. One 
common feature of the palaeozoic spiral shells is their 
tendency to become irregular towards the conclusion of their 
growth: in Serpularia {=^PhanerotimLs, Sby.), the whorls are 
aU disunited; in Scoliostoma (fig. 26, 3) and Catantostoma the 
aperture is expanded. Some small oolitic shells have a thick- 
ened peristome (Crossostoma, fig. 27, s), like the recent Lietw^ 
which commences in the older tertiary. A large proportion 
of the trochiform fossil shells have their whorls, whether round 
or angular, marked by a peculiar band, usually terminating in 
a deep slit at the aperture ; most of these were solid nacreous 
shells belonging to the genus Pleurotomaria^ of which but a 
single species survives ; others in their slendemess resemble 
TurritdUey and have been named Murchisonia (fig. 26, s). 
The Pleurotomaria spliceindai^t of the Missouri coal-formations 
has the apeiture substromboidal and entire. Tlie carbonife- 
rous shell called Polytrernaria has a row of holes in place of a 
slit; and the Silurian Tuhina (fig. 26, 8) has three rows of 
tubular spines. The Cirrus of the inferior oolite is a reversed 
shell with one row of similar ornaments ; and Trochotoma 
(fig. 27, 6) has a perforation near the margin of the aperture, 
which is carried onward as the shell grows. Sdssurella^ 
which is always diminutive and not pearly, makes its first 
appearance only in the newer tertiary. Haliotis occurs in 
the miocene of Malta. The Neritidm appear in the oolites ; 
besides true Nerites, there are Neritomcc (fig. 27, 7), with a 
channeled outer lip ; Pileolus, which is perfectly limpet-like 
above (fig. 27, «) ; and Neritopsis^ with its angular columellar 
notch most distinctly marked. Key-hole limpets {Fismrellidce) 
occur as early as the carboniferous period, but are very scarce 
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at first, and never become numerous. The oolitic Rimula is a 
minute shell supposed to be related to a very rare living spe- 
cies. Ordinary limpets {Patellidce) of unequivocal. form are 
found in the Bath oolite, but are afterwards less plentiful, and 
almost disappear from the tertiaries ; M. d'Orbigny regarded 
them as generically distinct, but employed for them a name 
{Helcion, Mont.) synonymous with Patdla, 

Pulmonifera. — The existence of air-breathing snails in the 
palaeozoic rocks is shewn by a small ** chrysalis-shell," with u 
round, not toothed, aperture {DcTidropupa), discovered by Dr. 
Dawson and Sir C. Lyell in a hollow coal tree of Nova Scotia. 
Upwards of 40 species otPupa have been foimd fossil in eocene 
strata. The Purbeck limestone contains a modeni-looking 
Physa ; and other species of extraordinary size are found in 
the older tertiary of France, and also in Central India, where 
the genus does not exist at the present day. The fresh-water 
eocene of the. Isle of Wight and Paris has afibrded many spe- 
cies of Limncea and Planorbis; a Olaiidina rivalling in size 
the 0. truncata of South Carolina ; a CyclostomOy with a sculp- 
tured opercidum like the Cyclotus Jamaicensis ; and an elon- 
gated species of the section MegalonuistoTna, which is now liv- 
ing in both East and West Indies. At Hordle has been found 
the little Helix lahyrinthicus, still li\dng in Texas ; and in 
the south of France occur representatives of the Brazilian 
genera Megaspira and Anastoma. In the miocene is found 
another genus (^Ferussina, fig. 28, lo) resembling the lampsnail, 
but supposed to be operculated. The Pulmonifera of the Eng- 
lish pliocene are in a few instances extinct, at least in England ; 
nearly all are still living here, but more or less abundant now 
than they were in the times of the mastodon and elephant. 
Tlie extinct land-snails of the Atlantic islands Madeira and 
Porto Santo are associated with remains of many recent species 
occurring in numbers which have relatively altered, telling the 
same tale of gradual changes, affecting some species prejudici- 
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ally, but favourable to the increase of others. The fossil land- 
snails of St. Helena were supposed by Mr. Darwin to have 
become finally extinct only in the last century, owing to the 
destruction of the native woods by the instrumentality of 
goats and swine. 

Tectibranchiata. — The families typified by Tomatdla, 
Ringicula, and Bulla played a more important part in the 
secondary and tertiary periods, but their affinities have been 
seldom understood. The cone-like Acteonina appeared in the 
carboniferous rocks, and attained a remarkable development 
in the lias (fig. 27, lo). They were succeeded by the Actwnellce, 
with a plaited columella, in the cretaceous strata ; and by 
Volvaria (fig. 28, ") in the eocene. The diminutive Ringiculoc 
of our seas were preceded by large species of the same genus 
in the tertiaries, and by Cinulia (fig. 27, 9), Glohiconchay and 
Tylostoma, in the cretaceous strata. Tlie genus Variz/era has 
varices recurring twice in each whorl, like Eulwm; and 
Pterodonta is winged like Strombiis. 

Class IV.— CEPHALOPODA. 
These are encephalous MoUusca, with locomotive and 
prehensile organs radiating from the head (fig. 29, t, h). 
The animal is divided into a somatal (m, t) and pallial (m, 0) 
portion. The former is chiefly muscular. It contains the 
organs of sense, mastication, and deglutition, and, although it 
supports the organs of prehension and the chief powers of 
locomotion, it is called the " head," (a, c) whence the name of 
the class. The pallial division, termed •* trunk," or abdomen, 
consists of a more or less muscular sac or mantle, with a 
transverse anterior aperture, from which an expiratory siphon 
or "funnel" (J) projects; and it contains the respiratory, gene- 
rative, and digestive organs. The branchiae are pinnatifid 
and concealed. The sexes are distinct. All Cephalopods ar^ 
oviparous. 
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,V7r*r 1. — ^Tetrabr.vxchiata. 

(Xautihid Cephalopoda) 

'hijv iu two jxiirs, witliout branchial hearts ; funnel 
lY a ii»nvolute muscular plate ; mantle thin, an<l 
iisoular : no ink-lm^ ; arms yeiy numerous, hollow, 
wtraetile t^utacula ; mandibles with calcareous tips : 
inoulate : head i-etmctile, within a shell, which is 
many chambered, siphunculate, the outer layers 
lous, the inner layers and paititions nacreous. 




Fig. 29. 
Nautihu Pompiliu$. 

Nautilus, Linn. — Shell discoid, symmetrical, with 
res, sutures, and siphimcle, simple. Tlie anatomical 
of the order are also those of the sole existing genus, 
representative of numerous genera and species of 
I Cephalopods that abounded in the Paheozic and 
l^eriods, but which seem to have been superseded. 
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as carnivorous Mollusks, in the Tertiary and recent periods 
by the pectinibranchiate Gastropods. 

The organization of the pearly Nautilus (NatUUtLS Pom- 
pilivs) throws light upon that of the extinct Ammonites^ Ortha- 
ceratUeSy LUuiteSy TurrUUeSy etc, and possesses, therefore, an 
extrinsic interest, besides that which arises from the peculiar 
modifications of molluscous structure which it presents. 

In fig. 29, representing the animal retracted within the 
shell, a Cy shews the chambered part, 6 the last chamber, a the 
attaching muscle, c the crop, / the funnel, h the hood, t the 
tentacles, m the free margin of the retracted mantle. 

Of the lower group of Cephalopods, possessing chambered 
shells similar to the pearly NatUiliy there are 1400 extinct 
species, belonging to above 30 genera, while 3 or 4 species 
alone exist in modem seas. These fossils resemble the Nauti- 
luSy and differ from the dibranchiate Spirula in the structure 
of their shell, which is composed of two layers, the outer por- 
cellaneous, the iimer pearly; whereas the Spirula — an internal 
shell — is entirely nacreous. They also agree with the NatUilm 
in the relative capacity of their last chamber, which seems 
obviously large enough to contain the whole animal More- 
over, it appears, from the position of the siphuncle and the 
form of the aperture, that these shells were revolutely spiral, 
or coiled over the back of the animal, and not involute like 
the Spirula. No traces of fossil ink {sepia) or homy claws 
have been found associated with them, nor any indications of 
dense muscular tissue, even in the same matrix which has pre- 
served so completely the mummy cuttle-fish. By their form 
and size they were ill adapted for rapid locomotion, and must 
have depended for safety on the shelter afforded by their 
solid shelL The discoidal Ammonites attained a diameter 
approaching 3 feet, and the straight-shelled Orthoceratites 
sometimes exceeded 6 feet in length. These latter must 
have lived habitually in a position nearly vertical; whilst 
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the discoidal genera would creep over the sea-bed with 
their aiiKjhambers above them, like a snail-shell reversed. 
The Ammonites appear to have been provided with an 
operciduin, more secure than the '*hood" of the Nautilus, 
composed, like it, of two elements, not, however, fibrous and 
confluent, but calcified and united by a straight suture. 
These opercula, which have been mistaken for bivalve shells, 
have a porous structure altogether peculiar and are fre- 
quently sculptured on their outer convex surface; whilst 
their concavity exhibits only lines of growth (fig. 31, 7). 
Special forms of Aptychns are associated^ in all localities, 
with particular species of ammonite ; and their size is adapted 
exactly to the specimens in which they are found. Calca- 
reous mandibles occur in all the secondary strata, but not, 
hitherto, in such numbers or circumstances as to imply that 
they belonged to any other genus beside the true Nauiihis. 
They are of two forms: those corresponding to the upper 
mandible (fig. 31, %) have been called ^'Ehyncholites" {Palcco- 
teuthis and RynchotetUhis of D'Orbigny); whilst the lower 
mandibles constitute the genus Conchorhynchiis of De Blain- 
ville (fig.. 31, 9). The arms of the extinct Tetrabranchs may 
have been organized like those of the Nautilus, but were 
probably less numerous in the genera with slender shells, and 
in those early forms with a small many-lobed aperture. The 
length of the body-chamber is greatest when its diameter is 
least; and the prominent spines which ornament the exterior 
are partitioned off internally by a nacreous lamina, indi- 
cating considerable motion of the animal in its shell. When 
the outer shell of the fossil is removed by decomposition, or 
the hammer, the margins of the internal septa (or partitions 
of the aiivchambers) are exposed: these marginal lines are 
called ** sutures." 

The chambered shells may be divided into two principal 
groups, viz., those with simple sutures, like the recent nauti- 
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lus; and those with sutures, lohed and foliaceous like the 
fossil Ammonites. In the fonner the siphuncle is central or 
internal (i.e., at the margin next the spire) ; in the latter it is 
external {i.e^ at the back of the shell, but ventral as regards 
the animal, see fig. 29). There are, however. Nautili with 
lobed sutures {Aturia, Bronn, fig. 28, i) ; and some with an ex- 
ternal siphuncle {CryptoceraSy d'Orb.) And on the other hand, 
the sutures of the Ammonite are at first very slightly lobed, 
and become progressively more complex; so that specimens 
of the same species have been referred to three genera — 
OoniatiteSy CercUiteSy and Ammonites — according to their 
age. 

With the exception of GariiaiUeSy the Ammxmitidoe are 
peculiar to, and co-extensive with, the secondary strata; while 
the Nautilidce, with the exception of NautUvs and Aturia^ 
are confined to the palaeozoic rocks. But the palaeozoic so- 
called NaviUidm exhibit peculiarities suggesting very wide 
differences from the modern pearly Nautilus. It has been 
proposed to associate the greater part of them with the Ortho- 
cerata as a distinct family, but at present the data are defec- 
tive, like the AmmxmitidcCy their shells assume almost every 
conceivable form and curvature, and the genera founded on 
these characters are very ill defined. 

NautUidoc, — Some of the carboniferous XaiUUi have a 
square back, and the whorls either compact or open in the 
centre (fig. 30, i) ; whilst the last chamber is more or less 
disunited The species with the whorls quite disunited con- 
stitute the genus Trigonoceras, M*C. ( = Nautiloceras, d'Orb.) 
The Silurian genus TrochoceraSy Barr, is a spiral Nautilus. 
Clym^niay a characteristic Devonian fossil, has angular sutures 
and an internal siphuncle; it may perhaps be coiled up 
ventrally like the Spirvla. The tertiary shell called Nautihis 
zio-zcu: (Aturia, Br., fig, 28, i, *), which is so widely distributed 
in Europe, America, and India, has a siphuncle nearly mar- 
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HaIL In JkiiTanrle'« genufl ABCoctras (fig. 30, 9), the shell is 
fliMk'^liiifHsdf the chambered aiid siphunculated apex being 
ap[iarmjily rWJduoun; the aperture is contracted, and the 
%\fH*hMu\H\r% (icciipy only the dorsal half of the shelL In 
Vhr<iffm4fC€raM (fig. 30, 7), the shell is slightly curved to the 
vcntml side, and the aperture is remarkably contracted, the 
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opening for the respiratory funnel being nearly distinct fix)m 
the cephalic aperture. In Cyrtoceras the curvature is dorsaL 
In some other members of this family the siphuncle 
attains a remarkable size or extraordinaiy complexity. In 
Camaroceras (fig. 30, 4), the siphuncle is lateral, quite simple, 
and equal to half the diameter of the shelL Casts of these 
great siphuncles were called " Hyolites" by Eichwald ; they 
frequently contain small shells of Orthoceras, BelleropJum, and 
other genera. In some species the siphuncle is strengthened 
internally by repeated layers of shell, or partitioned off by a 
succession of funnel-shaped diaphragms; these constitute the 
genus Endoceras of Hall. The same author has given the 
name Discosorus to a fossil which is evidently the siphuncle 
of some very delicate and perishable chambered shell (fig. 2, 6). 
In those Orthocerata with siphuncles most nearly resembling 
the Discosoms they diminish rapidly towards the last chamber. 
Perhaps the most remarkable fossil of this group is the Hu- 
rania (fig. 30, 5), found in the upper Silurian limestone of 
Drummond Island. Siphuncles 6 feet in length and H inch 
in diameter, stand out in bold relief from the cliffs ; they are 
silicified, and are unaccompanied by any vestige of the shell, 
except in one or two instances, where the septa are faintly 
indicated by coloured lines. They are sometimes overgrown 
with coral, and were evidently so durable as to i*emain on the 
sea-bed long after the shell itself had decayed. The joints of 
the siphuncle are swollen at the upper part, and the interior 
is filled with an irregularly-radiated structure, apparently 
produced by the plaiting and calcification of the lining 
membrane. This structure also exists and is very regular 
in the siphuncle of the Devonian Orifioceras trigonaley in the 
shells referred to Oyroceras by d'Orbigny (fig. 30, 8) and 
in Actinoceras, a sub-genus of OrtJioceras, discovered by Dr. 
Bigsby, and described by Stokes.* The plication of this 

» Geol. Trans., vol. i., 182.^. 
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interior stnicture takes place in segments corresponding to 
the septa, meeting in the centres of the siphuncnlar beads, 
and leaving spaces or foramina for the passage of blood-vessels 
to the lining membrane of the air-chambers. In the carboni- 
ferous Actinoceras gigarUeurriy these foramina form a cross on 
the ventral side of the siphuncle. The vascularity of the 
lining membrane is well shewn in the impression of septa on 
the fine mudstones of the Ludlow rock, often mistaken for 
Spongaria, which they somewhat resemble. 

Towai-ds the conclusion of its growth the air-chambers of 
the Orthoceras frequently become shallower, and the siphuncle 
diminishes in size. These indications of changed or diminished 
energies are accompanied by a diminution or disappearance 
of the internal radiated structure in the last part of the 
siphuncle. 

In Orthoceras bistphonatum {TretoceraSy Salter) the body- 
chamber is prolonged in the form of a marginal lobe, simulat- 
ing a second siphuncle. The genus Bactriiites of Sandberger 
resembles an Orthoceras with single-lobed sutures. 

Ammonitidce, — In the division or family of chambered 
shells, with lobed sutures and a marginal siphuncle, we find 
a similar series of forms, straight, spiral, and discoidal, but 
more varied and more highly ornamented. 

One large genus {OonicUiteSy fig. 30, lo) is found in the 
Devonian, carboniferous, and triassic strata, and permanently 
resembles the youngest form of the AmnimiiteSy having the 
sutures lobed but not foliated. They seldom exceed 6 inches 
in diameter, and are usually very much smaller. The whorls 
are most frequently concealed to some extent, and often marked 
by cross furrows or ** periodic mouths." 

The Ceratites are distinguished by having the lobes of the 
sutures serrated, while the intervening " saddles" (or curves 
directed towards the aperture) are simple. They are found 
in the tria« of Europe, Thibet, and South America ; and again 
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though rarely, in the cretaceous strata of France and Syria 
— a circumstance quite anomalous in the histoiy of the geo- 
logical distribution of life. Many Ammonites, perhaps all, are 
like Ceratites when young. 

A bisected specimen of the Amrtwiiites obtnsus^ in the 
Hunterian collection (No. 188 Fossil series, Mus. Coll. Chir.), 
shews well the extent of the last, or inhabited chamber of the 
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Fig. 31. 

1. Ceratites nodosus Brug. ; MuschelkcUk, Bavaria. 

2. AmmoniteR Duncani (spinosus, Sby.) ; Oxford Clay, Wilts. 

3. Turrilites marUeUi, Sharpe ; L. Chalk, Lewes. 

4. Baculites anceps, Ijani. ; ChcUk, Normandy. 

5. Hamites attenuatus, Sby. ; Oatdtt Folkestone. 

6. Scaphites Joanii, Puzos ; Nescomian, France. 

7. (Trigonellites or Aptychns), operculum of Ammonites. 

8. (Rhyncholitos hirundo), upper mandible of Nautilus arietis, Rein ; Mus- 

ekelhalk. 

9. Lower mandible (Conchorynchus avirostris). 



shell, and the effects of the influence of the animal matter of 
the decaying cephalopod upon the petrifactive processes after 
death. The liassic clay has penetrated as far as the retracted 
soft parts of the ammonite permitted ; the decomposing mollusk 
had been partially replaced by crystals of calc spar, discoloured 
by the pigmental or carbonized parts of the animal. The 
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spar, which has more slowly infiltrated through the pores of 
the shell into the air-chambers, is of a much lighter colour. 
In the same collection may be seen exemplifications of injury 
and repair of the sheU. In No. 195, Ammonites GolicUhtcs, 
from " Oxford clay," a portion of the shell, at the period when 
it formed the dwelling -chamber, **had been broken away 
during the lifetime of the animal, and repaired by fresh 
nacreous material, wanting the ribbed structure of the origin- 
nally formed shell."* 

The species of Ammonite exceed 500; and their range is 
co-extensive with that of the secondary rocks. They are 
found throughout Europe, and at the Cape, in Kamtschatka, 
Thibet^ and S. India. They are absent from a laige area of 
the United States, but are found in the cretaceous strata of 
New Jersey, Missouri, and the West Indian Islands ; also in 
Chili and Bogota. 

The sections into which, for the sake of convenience, this 
extremely natural group has been broken up, are very ill- 
defined, and cannot even be considered sub-generic. The 
group (called Cassiani) characterising the triassic period, is 
remarkable for many-lobed and elaborately-foliated sutures 
— a circumstance more important because it is the oldest 
group, and associated with Ceratiies and the last-surviving 
Ooniatites and Orthocerata. They abound in the "alpine 
limestone" of St. Cassian, and Halstatt in Austria. A second 
group (Arietes), having the back keeled, with a furrow on 
each side of the keel, as in the great Ammonites called Bttck- 
landi and Coneybeareiy mark the lias period; they are less 
plentiful in the oolites, and are represented in the greensands 
by the CristcUiy which are keeled, but not furrowed, and 
develop a "beak,** or process, from the keel when adult. 

* Catalogue of FobriI Invertebrata, Mur. College of Surgeons, London, 4to, 
p. 43, in which work the writer ha« described upwards of 350 specimens, 
illustrative of the different sections of Ammonitidse, collected by John Hunter in 
the last centuiy. 
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The Arieies pass by many intermediate forms into the Falcir 
feri (e,g^ A. serperUinus), also characteristic of the upper lias, 
and these are represented by a few quoit-shaped species 
{Di$ci)y with sharp backs, in the oolites. 

Ammonites with serrated keels (Amaltfiei), exemplified by 
A. spinatus and margaritaiusy abound in the middle and 
upper lias, and again in the oolites (e.^., A, cordatm and 
excavatvs). They are succeeded by the RotJuymagenses in the 
chalk — thick Ammonites with a line of tubercles in the place 
of the keel. 

Ammonites with channelled backs (Collidati) are repre- 
sented in the lias {A, angulifertLs)^ inferior oolites (-4. Parkiri- 
8ont)y and middle oolite {A. ancepi)^ and in the cretaceous 
strata by numerous species (e.^., A. serraiusy lauiusy and faU 
catu8\ remarkable for their elegance. 

Of the species with backs more or less squared, drmcUus 
and capricomvs occur in the lias, atUeta and perarmatus in 
the Oxfordian. But the oolitic forms which have the back 
square, and ornamented with two rows of spines when young, 
like Goweriy Duncani (jBg. 31, i), and Jasoriy become rounded 
and unarmed in their old age. 

Eound-backed Ammonites abound in the lias and oolites. 
The snake-like aiinvlatiiSy the spine-bearing coronatuSy and 
fimbriaius with its ornamented fringes, have been regarded as 
types of small groups. A more important division (LigcUt) 
is distinguished by nearly smooth whorls, constrictions re- 
curring at regular intervals. These are seen in A. tatricusy 
and others related to Heterophylhcs; in many neacomian 
Ammonites, and in A. planulatus of the lower chalk. 

These constrictions,, often accompanied by a prominent 
rib, imdoubtedly indicate periods of rest, when the Ammonite 
ceased for a while to grow. Tliey may be traced in species 
belonging to other groups, ai? well, c^., in hiplex and tripliccUuSy 
as in the Ligati; but most frequently all indications are 
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obAiterolte^ \s^ ^vifbsequent growth. It has been a question 
wheiheT t\ieAalera.l processes of Ammonites Dwncani (fig. 31, »), 
are formed and removed periodically, or whether they are 
peculiar to the adults, and mark the close of their out- 
ward growth. The first conclusion is more probable from 
analogy; and they are commonly found with small and 
apparently young shells, but not (any more than the lateral 
spines of the living Argonaut) in those of adult size and con- 
dition. 

It was remarked by the elder Sowerby that Ammonites 
were most beautiful when of middle growth, the ornamental 
characters being less developed in the young, and lost in the 
adult The ribs and spines, and even the keel or furrow of 
the back disappear, in many instances, from the body-whorl of 
the full-grown shell 

Varieties of form, such as marked the palaeozoic KautUidcVy 
are met with in the Ammxmitidmy chiefly towards the close of 
their reign. The Baculite (fig. 31, 4), with its straight shell, 
is characteristic of the upper chalk ; and the TurriliUy which 
is spiral, and usually a left-handed spiral, al)ounds in the 
lowest beds of the same formation. In Hamiles the shell is 
straight, returning upon itself after a certain space, and 
forming a simple or complex hook. In Ptychoceras these 
limbs of the hook-like shell are in close contact The 
Toxoceras is curved like a bow; in Crioccras the discoidal 
whirls are separate ; and in Scaphites (including Ancyloceras) 
the shell, at first compact like an Ammonite, or open-whirled 
like CrioceraSy lengthens out finally, and returns upon itself 
like the crozier of the Hamite. HelicoceraSy again, connects 
the last with the Turrilite by its elevated spire terminating 
in a prolonged crozier. 

Of these forms, Ancyloceras alone is found in the oolites ; 
all the rest are cretaceous; and most abound in the alpine 
tlistricts of the south of Fmnce. 
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Order 2. — Dibranchiata. 
(Squids, Cuttle-fiahes,) 

In this order the branchiae are two, forming a pair, each 
with a branchial heart; the funnel is an entire tube; the 
mantle is muscular; there is an ink-bag ; the eyes are sessile ; 
the beak homy ; and the shell internal (save in the females 
of the genus Argonauta). 

Compared with the NautU^ts^ the cephalic organs of pre- 
hension are much reduced in number, the external ones, 
continued from the oral sheatli, not exceeding eighty as in 
fig. 32, c, to which in most of the genera, is added a pair of 
internal and much longer tentacula, d. The arms are much 
increased in size and of a more complicated structure, sup- 
porting on their internal surface numerous suckers, and 
sometimes connected together by a powerful muscular web. 
The eyes are much larger and more complex, are no longer 
pedunculated, but lodged in orbits (fig. 32, e e). The mouth 
is armed with two piercing and trenchant homy jaws, resem- 
bling in shape and in their vertical movements those of the 
Nautilus. The gills are two in number, each with a ventricle, 
expressly appropriated to the branchial circulation ; the sys- 
temic circulation having a single muscular ventricle as in 
the Nautilus. The infundibulum (fig. 33, /) is a complete 
muscular tube, shaped like an inverted funnel They possess 
a gland and membranous receptacle for secreting and expelling 
an inky fluid. The sexual organs are in distinct individuals, 
as in the Tetrabranchiate order. All the species of both 
orders of Cephalopods are aquatic and marine. 

The Dibranchiate order is subdivided into two tribes ; 
the one provided with the eight ordinary arms (fig. 32, c) 
and the two longer tentacles {ib. d\ hence called Decapoda; 
the other tribe without the tentacles, and called Odopoda 
(fig. 33, 1, 2, 3. 4). 
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The various forms of the extinct Belemnitidoe constituted 
one family in the Decapod tribe. The little Spirula^ charac- 
terised by a less complex, but internal chambered shell, is the 




Kg. 32. 
Sepia officinalis (one-fourth natural size). 

type of a second family The cuttle-fish (Sepia^ fig. 32), 
known by its internal calcareous shell which remotely repre- 
sents that of the BelemniU, exemplifies a third family of 
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Decapods called Sepiadce, The common calamary {Loligo\ in 
which the internal shell is reduced to a homy qnill-shaped 
plate, represents the fourth and most extensive family of the 
present tribe called TetUhidce; and in which one genus 
(Enoploieuthis) had the caruncle of its acetabula produced 
into homy claws. In all the Decapods the mantle supports a 
pair of fins, and the siphon is generally provided with a 
valve. 




Fig. 33. 
The Argonaut. 

In the tribe Octopoda, fins are rarely developed from the 
mantle; but the eight ordinary amis are longer, thicker, and 
are united together by a broader web, which forms a powerful 
organ for s\i'imming in a retrograde direction. One family in 
this tribe (Testacea) is represented by the genus ArgonatUa 
(fig. 33), in which, in the female sex, the first or dorsal pair of 
arms, i, is dilated at its extremity into a broad thin membrane, 
like the mantle in the testaceous MoDusks; by means of 
these membranes the animal, in fact» forms for itself an 



110 PALiKONTOLOGY. 

extremely liglit, slightly flexible, and elastic, but calcareous, 
symmetrical shell, which is simple, and not divided into 
chambers ; the vacated portion communicating with the rest, 
and being used by the inhabitant as the receptacle for the 
eggs. No authentic fossil homologue of such a shell has yet 
been discovered. 

Of the two great divisions of cephalopodous Mollusca, 
that which is represented at the present day by the pearly 
Nautilus was developed in the greatest profusion and variety 
in the palaeozoic and secondary periods; whilst the more 
active and intelligent cuttle-fishes and squids have not been 
found in rocks older than the lias,* and the kinds, about 
100, that, as yet, have been foimd in the whole secondary 
and tertiary series are only about half as many as have been 
obtained in existing seas. 

The Sepiadce are represented in the middle and upper 
oolites by the genus Coccoteuthis (fig. 34, 6), whose strong and 
granulated bone is furnished with broader lateral expansions 
than the recent cuttle-fishes. In the older tertiaries of 
London and Paris, many species of Sqria appear to have 
existed, but only the solid miicro (fig. 34, 5) of the shell is 
usually preserved. In the miocene tertiary of Malta> a 
diminutive cuttle-bone is not rare ; and at Turin a remark- 
able fonn (JSjnruliroslra, fig. 34, 7) has been discovered, in 
which the apex is provided with a chambered and siphonated 
cavity like the shell of the Spirvla, Two other genera, 
Bdoptera (fig. 34, 8) and B/demnosiSy very imperfectly known 
by rare and fragmentary examples, occur in the eocene 
tertiary. 

Eemains of the Calamaries (Teuthidce) are often found in 
the fine-grained and laminated argillaceous limestones of the 
lias, as at Lyme Eegis, and of the upper oolites, as at Boll 

• The devonian PaloBoteiUhis or Archceoteuthis of Ferd. Roemer waff founded 
on a bone of Pteraspis. {See Woodward's Manual, p. 417.) 
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and Solenhofen. They are usually the "gladius" or rudi- 
mental shelL Some of these are slender, like the pens of the 
recent OmmastrcpJieSy and, as in them, furnished with a sihall 
conical appendix {Plesioteuthis) \ whilst othei*s are broad, and 
pointed at each end (Belotctcthis), The most common form 
has the shaft wide and longer than the wings ; it has a nac- 
reous lining, and is usually accompanied by a large and well- 
preserved ink-bag (OeotenthiSy fig. 34, 4). These were called 
Belemnosepia by Agassiz and Buckland, who supposed them 
to belong to the same animal with the Belenmite. In Lepto- 
teuthis Myr. the hinder end of the gladius is truncate. In 
Celceiiio it is produced into a slender stem, supporting a broad 
oval plate. One species {Mastigophora brevipinnvii*), with a 
broad and flat gladius, appears to have had the eight ordi- 
nary arms produced each into a filamentary appendage. 

Similar instances of the preserved soft parts of an extinct 
family of Dibranchiates(5c/cwni^tda;) are of frequent occurrence 
in the Oxford clay near Cliippenham, which retains not only the 
homy (chitinous) pen and ink-bag, but also the muscular mantle, 
the rhombic terminal fins, and at least the bases of the arms 
with their minute hooks, and traces of the mandibles. Homy 
claws, like those of the uncinated Calamary {OnyclwtmUJiis)^ 
have been observed arranged in double series in the lias of 
Watchett, and they sometimes occur in great numbers in the 
coprolitic remains of the Ichihyosaur, The most remarkable 
examples of this kind are preserved in the lithographic lime- 
stones of Solenhofen, and shew that the extinct Calamary 
had ten nearly equal arms, the tentacles, in their retracted 
condition, being undistinguishable from the rest — each fur- 
nished with 20 to 30 pairs of formidable hooks. What further 
evidence was needed respecting the nature of this creature 
has been supplied by the Chippenham fossils, which in all 

* Catalogue of Fossil Invertebrata in the Museum of the College of 
Surgeons, London. 4to, 1850, p. 1. 
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probability are identical in genus, if not in species, with the 
AcantfiotetUhis described by Mtinster. One of these exti*a- 
ordinary fossils — ^the mummy of a cuttle-fish more ancient 
than the chalk formation and the upper oolites — is repre- 
sented in fig. 34, a, reduced to one-sixth from the original 
in the British Museum. Nine of the arms are preserved, the 
sclerotic plates of the eyes, the bases of the large lateral fins. 




Fig. 34. 

1. Belemnites Oweni ; Oxford Clay^ Chippenham, p, Phragmocone 

exposed by the removal of the fibrous guard from one side ; 8, septum^ 
shewing the marginal riphuncle. 

2. Acanihoteuthis antiquus (Cunnington) ; Oxford Clay^ Chippenham ; 

dorsal aspect. 

3. Conoteuthis Dupinii, D'Orb. ; OauUf Folkestone. 

4. G^eoteuthis Bollensis, Schubler ; U. LicUf Wurtemberg. 

5. Sepia Cuvieri, Dsh. ; M. Eocene^ Bracklesham. 

6. Coccoteuthis latipinnis, Ow. ; Kimday^ Kimmeridge. 

7. Spirolirostra Bellardii, D*Orb. Miocene^ Turin. 

8. Beloptera belemnitoidea, Bl.; M. Eocene^ Bracklesham. 

the small ink-bag, and the conical shell. This shell, which 
is chambered internally, like the phragmocone of the Belemnit« 
(fig. 34, p)y has an outer sheath of fibrous structure, one-fourth 
of an inch thick at the apex, and furnished with two con- 
verging ridges on its dorsal side ; the external surface, how- 
ever, is homy (or chitinous), like the pen of the Ceilamary. 
These chambered shells occur in great numbers, and are so 
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like the phragniocones of the associated Beleiunites, both iii 
structure and proportions, that they were originally described 
by me as such,* and they give good evidence of the close 
affinity of the cephalopod possessing them to the true Belem- 
nite : hitherto they have only been noticed in the laminated 
Oxford clay of Wilts, and the equivalent lithographic shales 
of Solenhofen. 

Species of Belemnite are found in all the oolitic and cre- 
taceous strata, from the lowest lias to the ui)per chalk. The 
shell, in it-s ordinary imperfect statue, is a cylinder pointed at one 
end (fig. S4ty i), and truncated or excavated by a funnel-shaped 
cavity {alveolm, ib. p) at the other, and has a radiating fibrous 
structure, with less distinct concentric lamina? of growth. But 
even this "guard," which corresponds simply to the **mucro" 
of the cuttle-bone (ib, 5), exhibits such remarkable modifica- 
tions of form, that nearly 100 species have been founded upon 
no higher evidence. In some Belemnites of half an inch 
diametor, the guard is scarcely an inch longer than the phrag- 
mocone ; whilst in others it attains a length of ten inches, and 
is tubular, as in B. aeuariiis. Some are fusiform, others latei^ 
ally compressed ; some have a longitudinal groove extending 
from the apex along the upper or under side, and in others 
the apex is furrowed laterally as well. The Belemnites of the 
chalk have been called Belemnitellce (d'Orb.), because they 
liave a slit in the ventral side of the alveolar border of the 
guard ; their external surface also exhibits more distinct 
traces of vascular impressions. 

Specimens of Belemnite have been discovered in which the 
guard had been broken during the lifetime of the animal ; but 
tlie broken portions, being held together by the investing 
organized integuments, had been re-united by the deposition 
of new layers of the fil)rous structure peculiar to the guard. 
Several examples of Belenmites, with the apex injured and 

* Philofwphical Transaotionfl, 1844; and Cat. Fossil Invert., Mus. Coll. of 
Surgeons. 4to, p. 5. 
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healed during life, are presented iu the British Museum, 
and in that of the London College of Surgeons* In all 
perfect Belemnites, the " alveolus " is occupied by a *' phragmo- 
cone *' (fig. 34, p), with tender nacreous walls and septa, ter- 
minating in a minute globular apex, and perforated by a 
ventral siphuncle (fig. 34, i, s). The last chamber is rarely 
preserved, and appears to have thinned off into a mere horny 
sheath, with sometimes two pearly bands like knife-blades on 
the dorsal side. It must have been sufficiently capacious to 
contain all the viscera. The ink-bag has been very mrely. 
found, and is even smaller than in the last genus, as if in 
relation to the more greatly developed shell. 

The Conoteuthis (fig. 34, 3) of the Gault has an oblique 
phragmacone, with a veiy thin shell, and seems to have been 
attached to a slender style, like the funnel-shaped appendix 
of the gladius in the recent sagittated CalamaT}\ 

Mr. Dana has described, under the name Heliccrus Fiiiji- 
ensis, a belemnitoid fossil from the "slate" rock of Cape Horn. 
It is half an inch in diameter, has a thick fibrous guard, and the 
slender phragmacone terminates in a fusiform spiral nucleus.t 

Subjoined is a table of the extinct genera of the mollus- 
cous province : — 

Brachiopoda. — Trigonosemus, Lyra, Magas, Rhynchora, Zel 
lania, Stringocephalus, Meganteris ; Spirifera, Cyrtia, 
Suessia, Athyris, Merista, Retzia, Uncites ; Camaro- 
phoria, Porambonites, Pentamerus, Atrypa, Anoplo- 
theca ; Orthis Orthisina Strophomena, Koninckia, 
Davidsonia, Calceola ; Producta, Chonetes, Aulosteges, 
Strophalosia ; Trematis, Siphonotreta ; Obolus. 

♦ See, eRpeciallj, the Rpecimcn of Bdtmnit^a ahbrevitUus, from the great 
oolite of GarsiDgion, described and presented hy the author. (Cat. of Fossiln, 
4to, 1856, No. 22, p. 7.) 

t For the drawings and most of the facts, or their verification, relating to 
invertebrate fossils, the writer is indebted to his experienced colleague in charge 
of that department of the British Museum, Mr. S. P. Woodward, F.G S. 
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CoNCHiFERA. — Gryph^a, Exogyi*a, Limanomia, Carolia, 
Placunopsis, Neithea, Eligmus ; Pteropema, Aucella, 
Ambonychia, Cardiola, Eurydesma, Pterinea, Monotis, 
Posidonomya, Aviculopecten, Gervillia, Streblopteria, 
Pulvinites, Inoceramus, Trichites ; Myalina, Orthonotus, 
Modiolopsis, Hoplomy tilus ; Macrodon, Isoarca, Bake- 
wellia, Nuculina, Nucinella, Cucullella, Ctenodonta; 
Myophoria, Axinus, Lyrodesma ; Diceras, Monopleura, 
Requienia ; Hippurites, Eadiolites, Caprinella, Caprina, 
Caprotina ; Lithocardium, Conocardium, Corbicella, 
Sphaera, Unicardium, Tancredia, Volupia ; Pleuro- 
phoTus, Myoconcha, Anthracosia, Megalodon, Pachy- 
domus, Pachyrisma, Cleobis, Mseonia, Opis, Cardinia, 
Hippopodiiyn, Megalonia ; Grateloupia, Sowerbya, 
Quenstedtia, Goniophora, Redonia ; Cercomya, Mya- 
cites, Goniomya, Grammysia, Ceromya. Cardioinorpha, 
Edmondia, Ribeiria. 

Gasteropoda. — Bellerophon, Porcellia, Cyrtolites, Ecculiom- 
phalus; Rimella, Hippocrena, Alaria, Spinigera, Am- 
berlya ; Leiostomus, Strepsidura, Purpurina, Columbel- 
lina, Borsonia, Conorbis ; Euspira, Naticopsis, Globulus, 
Deshayesia>Loxonema, Macrochilus; Diastoma,Neriii8ea, 
Brachytrenia, Ceritella, Vicarya, Scoliostoma, Proto, 
Holopella, Catantostoma, Naticella ; Platyceras, Metop- 
toma, Hypodema, Deslonchampsia ; Euomphalus, Ophi- 
leta, Phanerotinus, Serpularia, Discohelix, Platystoma, 
Crossostoma, Pleurotomaria, Murchisonia, Polytremaria, 
Cirrus, Trochotoma, Platy schisma, Scalites, Rhaphistoma, 
Holopea, Maclurea; Neritoma, Velates, Pileolus; Hel- 
niinthochiton ; Lyclmus, Dendropupa, Ferussina ; Cylin- 
drites, Acteonina, Acteonella, Cinulia, Globiconcha, 
Varigera, Tylostoma, Pterodonta, Volvaria, Chilostoma ; 
Vaginella, Theca, Pterotheca, Conularia. 
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Cephalopoda. — Aturia, Discites, Nautiloeeras, Trigonoceras, 
Temnochilus, Lituites, Trocholites, Troclioceras, Cly- 
menia; Orthoceras, Camaroceras, Huronia, Actinoceras, 
Discosorus, Gonioceras, Tretoceras, Apioceras, Gomplio- 
ceras, Phi-aginoceras, Cyrtoceras, Gyroceras, Ascoceras ; 
Goniatites, Bactrites, Ceratites, Ammonites, Crioceras, 
Toxiceras, Ancyloceras, Scapliites, Helicoceras, Tiir- 
rilites, Karaites, Ptychoceras, Baculites ; Mastigophora, 
Teuthopsis, Celaeno, Beloteuthis, Geoteuthis, Belopeltis, 
Plesioteuthis, Leptoteuthis, Belemnites, Acanthoteutliis, 
Helicenis, Conoteuthis, Coccoteuthis, Belosepia, Spinili- 
rostra, Beloptera, Belemnosis. 

Province IV.— VERTEBEATA. 

There is an enormous series of subaqueous sediment, 
originally composed of mud, sand, or pebbles, the successive 
bottoms of a former sea, derived from pre-existing rocks, 
which has not undergone any change from heat, and in which 
no trace of organic life has yet been detected. These non- 
fossiliferous, non-crystalline, sedimentary beds form, in all 
countries where they have yet been examined, the base-rocks 
on which the Cambrian or oldest Silurian strata rest. 

Whether they be significative of ocean abysses never 
reached by the remains of coeval living beings, or whether 
they truly indicate the period antecedent to the beginning of 
life on this planet, are questions of the deepest significance, 
and demanding much farther observation before they can be 
authoritatively answered. 

It has been shewn that every type of invertebrate animal 
is represented in the superimposed stratified deposits called 
Cambrian and lower Silurian. In rocks of the latter age 
in Russia have been found minute, glistening, slender, conical 
bodies called " Conodonts," hollow at the base, pointed at the 
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end, more or less beut, with sharp opposite margins, which 
might well be lingual teeth of Gastropods, acetabular booklets 
of Cephalopods, or teeth of cartilaginous fishes. Against the 
latter determination is the minute size of the "Conodont" 
bodies; their observed structure presents concentric conical 
lamellie of a dense structureless substance, containing minute 
nuclei or cells. 

In some specimens the base is abruptly produced and 
divided from the body of the booklet by a constriction — a 
form unknown in the teeth of any fishes, but presented by 
certain lingual teeth of Gastropods — cg.y the lateral teeth of 
Sparella, In other Couodonts the elongated base is denticu- 
late or serrate, as in the lateral teeth of Bitcdnum and Chry- 
mbmm. It is improbable, however, that they belong to any 
conchiferous toothed Mollusk, the shells of such being wanting 
in the deposit where the Conodonts are most abundant. 

The more minute booklets have a yellowish, transparent, 
homy appearance ; the larger, perhaps older ones, present a 
harder whitish appearance. Their analysis by Pander yielded 
"carbonate of lime,'' carbonic acid being evolved by appli- 
cation of dilute nitric acid, and oxalic acid producing an 
obvious precipitate. Some English analysts have believed 
that the Conodonts yielded a trace of phosphate of lime. 

The detached condition of the booklets, and the integrity 
of the thin border of the basal pulp-cavity, indicate that they 
liave not been broken away from any of those kinds of 
attachment to a bone which the minute villiform teeth of 
osseous fishes would shew signs of. The Conodonts have 
been supported upon a soft substance, such as the skin of a 
mollusk or worm, the mucous membrane of a mouth or 
throat, or the covering of a proboscis. 

In comparing the Conodonts with the teeth of fishes, they 
J present most resemblance to the minute conical recurved teeth 
of the genus Rhinodmi of Smith : thoy more remotely resemble 
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the conical, pointed, homy teeth of Myxinoids and Lampreys 
in that class : and the absence of any other hard part in the 
stmta containing the Conodonts tallies with the condition of 
the cartilaginous skeleton ; but not more than it does with 
the like i)eri8hable soft condition of annelidous worms and 
naked mollusks. Rhinodon has very small teeth, " en brosse,'' 
of a simple conical recurved form: there are 12 or 13 teeth 
in each vertical row, and about 250 such i-ows in each jaw ; 
so that each fish may have from COOO to 7000 teeth. But 
the teeth of Rhinodon have not the basal extensions and 
processes of many of the Conodonts; and the teeth of all 
known Cyclostomes, besides being considerably larger, are 
much less slender and are less varied in form than in the 
Conodonts. This minuteness of size, with the peculiarities 
of form, supports a reference of the Conodonts rather to some 
soft invertebrate genus. Certain parts of small Crustacea — 
e,g,y the pygidium or tail of some minute Entomostraca — 
resemble in shape the more simple Conodonts ; but when we 
perceive that these bodies occur in thousands, detached, with 
entire bases, and that any part of the carapace, or shell of an 
Entomostracan or other crustacean, has been rarely detected 
in the lower Silurian Conodont beds, it is higljy improbable 
that they can have belonged to an organism protected by 
a substance as susceptible of preservation as their own. 
Much more likely is it that the body to which the minuter 
booklets were attached was as soluble and perishable as the 
soft pulp upon which the Conodont was sheathed. The writer 
finds no form of spine, denticle, or booklet, in any Echinoderm, 
and especially in any soft-bodied one, to match the Conodonts ; 
and concludes that they have most analogy with the spines, 
or booklets, or denticles of naked Mollusks or Annelides. 
Tlie formal publication of these minute ambiguous bodies of 
the oldest fossiliferous rocks, as proved evidences of fishes, is 
much to be deprecated. 
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Class I.— PISCES. 

Order 1. — Plagiostomi.* 

{Sharks, Rays), 

Char, — Ell Jo-skeleton cartilaginous or partially ossified ; exo- 
skeleton placoidf; gills fixed with five or more gill- 
apertures; no swim-bladder; scapular arch detached 
from the head ; ventrals abdominal ; intestine with 
spiral valve. 

The earliest good evidence which has been obtained of a 
vertebrate animal in the earth's crust is a spine, of the nature of 
the dorsal spine of the dog-fish (Acanihloii), and a buckler like 
that of a placo-ganoid fish (p. 1 38). Both have been found in 
the most recent deposits of the Siluriaji period, in the formation 
called ** upper Ludlow rock." The discovery of the first is due 
to Murchison;t its determination to Agassiz, who assigns it to 
a genus of plagiostomous cartilaginous fishes called Onchtis. 
The buckler was discovered by Mr. Banks, in the '* passage- 
beds" of Kington, Herefordshire, and is referred to the genus 
Pteraspi% Knerr. 

The Onchu^s spines from the upper Ludlow bone-beds are 
compressed, slightly curved, less than two inches in length, with 
no trace at their base of the joint characteristic of the dorsal 
spines of the '* sheat-fishes'' (Ganoids of the family Sihnidcc), 
or "file-fishes'' {Balisivla:). The sides of the spine are finely 
grooved lengthwise, with rounded ribs between the gix)oves. 
They are refeiTcd to two species — O^ichics Mnrchisoni and 0. 
Si'mistriatus, Sir 1\ Egerton has lately figured another species 
from the argillaceous lieds near Ludlow, which is more curved, 

• Or. Plagios, transverse ; stoma, mouth, in reference to the shape of the 
mouth, like a transverse slit on the under side of the head. 

f Gr. Plax, a plate ; ddoSy form ; the scales being represented by bony 
tubercles or plates. 

\ Silurian System, ch. xlv., p. r>OG. 
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and is armed along the posterior edge ; the longitudinal ribs 
are fine and numerous, but are constricted at intervals, as in 
the genus CienacanthuSy and become subtuberculate at the 
base. He deems them significant of a distinct genus of shark- 
like fishes* We may infer that there co-existed a larger and 
more powerful predatory fish against whose attacks the 
Onchus was thus defended. 

In the same old formation, with the dorsal spines of 
Onchus, are found, in fact, petrified portions of skin, tuber- 
cular and prickly, like the shagreen of shark's skin, and 
referred to a genus called Sphagodiis; also coprolitic bodies of 
phosphate and carbonate of lime, including recognisable parts 
of the small MoUusks and Crinoids which inhabited the sea- 
bottom in company with the Onchus-fish. No vertebrje, or 
other parts of the endo-skeleton of a fish, have been discovered 
in Silurian beds, imless the fragments of a calcified bar, with 
tooth-like processes, called Plectrodus, be truly jaws with 
teeth. They resemble, however, parts of the pincer claws of 
Crustaceans, as well as of the jaws and teeth of fishes, and do 
not indicate that class so satisfactorily as the Onchvs spines 
and Spfiagodiis shagreen. Yet the denticles are confluent 
with an outer ridge of the bone, according to the "pleurodont'' 
type, and consist of separated large teeth, with minute serial 
teeth in the interspaces ; and the large teeth are gi'ooved 
longitudinally.! 

If the Plectrodonts be jaws with anchylosed teeth, they 
belong to an order distinct from the Plagiosiomi, If they 
should belong to any of the fishes indicated by the dorsal 
spines and shagreen skin, a combination of characters would 

• In a formation in Indiana, United States of America, referred by Messrs. 
Norwood and Dale Owen to the Silurian formation, a badly-preserved fossil 
considered as an Ichthyolite, and referred to a genus allied to Pterichthys has 
been discovered, and called Macropetalichihys raphiidolobia. (Silliman's 
Journal, 1846, p. 367.) 

t Egerton, Proc. Cieol. Soc., March 1857, p. 288, pi. x., figs. 2-4. 
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be exemplified not kiiowu in other formatious or in any- 
existing fishes. They may belong to Pt^'as^risy a placo-ganoid 
fish, allied to Ceplialaspis, the cephalic buckler of which 
has been found in the transition beds overlying the Ludlow 
rock. 

No detached teeth unequivocally i^eferable to a plagios- 
tomous genus, nor any true ganoid scale of a fish, have yet 
been found in the formations that have revealed these earliest 
known evidences of vertebrate animals. What then, it may be 
asked, were the conditions un3er which so immense an extent, 
as well as depth, of sediment was deposited — including 
chambered Cephalopods, Gastropods, Lamellibranchs, Brachio- 
pods, various and large trilobitic and entomostracous Crus- 
taceans, with Crinoids, Polypes, and Protozoa — that precluded 
the preservation of the fossilizable parts of fishes, if that 
class of vertebrate animals had existed in numbei-s, and under 
the variety of forms, comparable to those that people the 
ocean at the present day ? Bonitos now pursue flying-fishes 
through the upper regions of an ocean as deep as any of 
the Silurian seas of which the deposits afford an idea of 
greatest depth. If fishes of cognate habits with the present 
deep-sea fishes, under whatever difference of form such 
Silurian fishes may have been manifested, had really 
existed, we might reasonably expect to find the remains of 
some of the countless generations that succeeded each 
other during a period of time, sufficing for the gradual 
deposition of sedimentary beds of thousands of feet in verti- 
cal thickness. 

The evidences of plagiostomous fishes afforded by fossil 
spines will be here pursued. In most of the existing cartila- 
ginous fishes of this order the defensive spine which stands 
erect in front of the dorsal fin is smooth ; such is the case in 
the dog-fishes {Spinaddcv) in which each dorsal fin is fronted 
with a spine. In the Poii/-Jackson sharks {CcMraciontidai) 
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the spine in front of each dorsal is bony, and is armed along 
its hinder or concave border with bent spines. The fin is 
connected with this border, and its movements are regulated 
l)y the elevation or depression of the spine during the peculiar 
I'otatorj' action of the body of the shark. This action of the 
spine in raising and depressing the fin, resembles, Dr. Buck- 
land has remarked, that of the movable or jointed mast, 
raising and lowering backwards the sail of a barge. But their 
more obvious use, in the small Plagiostomes possessing such 
spines, is as defensive weapons against the larger and stronger 
voracious fishes. 

Certain bony fishes are similarly armed — e,g,, stickle-backs 




Fig. 35. 
Centriscus humerosvs. 

{Gast&ivstei), sheat-fishes {Silui'idcp)^ trigger-fishes {Balistes), 
and some species of snipe-fishes {Fistulaiidce). In the latter 
family the Centrvmis humerosm (fig. 35) shews a dorsal spine, 
denticulated l>ehind, as in the Cestracionts : but the base of 
the spine in bony fishes is peculiarly modified for articulation 
with another bone. In the Plagiostomes the base of the spine 
is hollow, becomes thin and smooth when the body of the spine 
is sculptured, and is in the recent fish implanted in the flesh. 
The following genera of plagiostonious fishes have been 
founded on the fossil spines, or, " ichthyodorulites,'' * which 

* Jchthya^ a fisJi ; ^f/ra^ a spear ; liihos, a stone. 
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have been discovered in the Devonian," ov *' Okl Red Sandstone 
scries.*' Onchus (represented by 0. semisiriatits, 0. hcterogyinui)^ 
Dimeracu7ith^cSy Haplacanthus, Narcodes, NavlaSy Byssacanthvs^ 
Cosmacanthus, Homacanthus (fig. 36), Ctenacanthtu^ ParemiSy 
and OdorUacanthics, 

The genus Ilomacanthm is founded on small compressed 
spines, with fine recun^ed teeth on the back 
edge, and longitudinal strite on the sides. Spe- 
cimens of Hoinacanthm arcuatm (fig. 36) have 
been found in Devonian formations near St. 
Petersburgh. 

The carboniferous series of formations includes 
the so-called slates, mountain limestone, millstone 
grit, and the coal measures (see fig. 1). In this 
series the genus Onchm is still represented by the 
0. mlcatuSy 0. rcdm and 0. aubulaius ; and the 
genus HomxicanthuSy by i/. vuicrodus and //. micnt- 
dxiSy from the carboniferous limestone of Armagh. 
Cienacanthus is common to the Devonian and carboniferous 
periods. The spine of Pleuracanthus (fig. 37) is denticulat^^d 
along both mai^'us, a structure which is pre- 
sented, in existing Plagiostomes, only by species 
of the ray tomily ; it belongs to an extinct fonn, 
to whicL tlie monk-fisli of the present day offei-s, 
j)erljaps, tlio nearest resemblance ; but the Pleura- 
mnMw5 differed from all the modern sting-rays in 
having the spine planted at or near the occiput.* 
Portions of ^>etrified bone, of the structure of pjg 37 
shark's spines, graduating into that of the dentine Pleuracanthus 



Fig. 36. 
HomacanthHS 
arcuatus. 

(Devonian, 
Russia.) 



levissimus. 

(Coal, Dudley.) 



and ganoine, of which the marginal denticles are 
composed in this and other spines so beset, have ' 
been obtained from a coal-field in Indiana, U.S. This ich- 
thyodorulito (fig. 38) is remarkablo for tlie large proportional 

• ''Annals and Mag. of Nat. Hist." 1857, V 'l'-'-^- 
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size of the marginal teetli, and their close resemblance to the 
jaw-teeth of Carcharias, their enamelled border being finely 
denticulate. I am indebted to Professor Hitchcock, of Am- 
herst College, U.S., for the oppor- 
tunity of examining this most 
rare aud singular fossil, first made 
known by Leidy, as being pro- 
bably part of the jaw of a shark, 
for which, therefore, he proposed 
the name Edestes^ signifying de- 
vourer. If my determination of 
its nature be correct, it has formed 
part of a fish more liable to be 
devoured, and needing unusual 
defence against some larger con- 
temporary shark. The true jaws 
and teeth of Edestes may one day 
be discovered, and throw light 
upon its habits and afl&nities. 
The other plagiostomous genera based upon fossil spines from 
the coal formations are — OracanthuSy Gyracanthus, Neviacan- 
thiis^ CosmacanthiiSy LeptacanthibSj Homacanthus, Trystichivs, 
AsteropterychiuSy PhysoiiemuSy Sphenacanthus, PlatyacanihitSy 
DipriacanthuSy ErismacaiithnSy Orthacanthus, Cladacanthus, 
Lepracanthus, 

Immediately above the coal measui-es lie a variable series 
of sands and clays of different colours, including the coal 
plants ; above this, a marl slate in thin layers, containing 
scanty evidences of fishes ; but these are more abundant and 
instnictive in the superincumbent magnesian limestone, in 
which formation, near Belfast, ichthyodonilites of the genus 
Gyroprutu (Ag.) have been found. Above this are the penean 
red sandst<^nes, in which, at Westow, have been found fossil 
spines closely allied to, if not identical with, the Gyrnranthvs 



Fig. 38. 

Portion of Spine, 
Edestea. 

(Coal, Indiana.) 
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fontwsus (Ag.) The foregoing formations constitute the upper- 
most of the palaeozoic series called "Permian," from the Eussian 
province in which these strata are most extensively developed. 
The superimposed strata marked " trias " in the " Table of 
Strata," fig. 1, p. 5, include also a varied series of red and white 
sands, marls, and conglomerates, forming collec- 
tively the " New Red," or Triassic system. The 
triassic ichthyodorulites are referable to the genera 
NemacanthnSy Leiacanthics, and Hyhodus. In the 
*' lias,** which is the oldest or lowest of the great 
"oolitic'' system, large dorsal spines of Hyhodns 
rdicidattiSy also spines of Hyhodtis medius, and 
Hyhodus pyramidalis are found : this genus, how- 
ever, is represented by detached teeth in the 
** bone-bed" and in the keuper and muschelkalk 
members of the ** trias." Tlie lias formations give 
evidence that the dorsal spines and fins of Hyho- 
dus were two in number ; and the genus is shewn, 
both by the structure of the spine and the form 
of the teeth, to have had its nearest afl&nities 
with the Cestracion amongst existing Plagios- 
tomes. Hyhodus continued to be represented by 
successive and varying specific forms up to, and 
including, the cretaceous i)eriod. It is therefore 
a genus of cartilaginous fishes eminently charac- 
teristic of the secondary or mezozoic period in 
palaeontology, and ranges through every forma- /^ * 
tion of that period. The specimens selected for carlnatua. 
the illustmtion of the dorsal spine of Hyhodus is (Wealden.) 
that of the H, subcarinaius^ from the Wealden of Tilgate 
Forest (fig. 39). 

Lai-ge fossil spines, longitudinaUy grooved, have been 
found associated with the teeth of the extinct, raio-cestraciont 
genus {Ptychodus) of the chalk formations. 
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In the tertiary formations, the fossil spines present for the 
most part the generic characters of those of existing Plagio- 
stomes — e.g.y Sjyinax, Trygoriy and Myliohates ; but one form, 
found in the eocene beds near Paris, is the type of the extinct 
genus Aulacanthtis of Agassiz. 

The teeth of the plagiostomous fishes — viz. sharks (Sqiui- 
lidce), rays (Raiulw), and Cestracionts, are very numerous, and, 
being attached only by ligament to the membrane of the 
mouth, they soon fall off in the decomposition of the dead 
fish, become scattered abroad by the movements of tlie body 
through the action of the waters, and sink into the sediment. 

Family I. — Cestraciontid.e. 

{Port-Jacksoii Shark.) 

The existing genus which has thrown most light upon the 
fossil teeth which have thus become imbedded in the oceanic 
deposits of the palaeozoic and mezozoic i)eriods, is the Cestraciaiiy 
now restricted to the Australian and Chinese seas, where it 

is represented by two or three 
^/ \ species, and suggests the idea 




// / 7?^^ ^^ ^ ^^^^ verging towards 

V ext' 

i risl 

/ of varied generic or family 



J \ extinction. It formerly flou- 
^ ._. L=^ ^ ZM ^= ^;iji^ ' ' ''-^ ) j rished under a great number 




modifications, represented by 
species, some of which at-, 
tained dimensions far exceed- 

CeHraclJphmpi (recent). ^°g the largest known living 

Cestracions. The dentition 
of these fishes is adapted to the prehension and masti- 
cation of cnistaceous and testaceous animals ; they are of a 
hannless, timid character; and have the before -described 
denticulate dorsal spines given to them as defensive weapons. 
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Fig. 40 gives a side view of tiie upper and lower jaws of the 
** Port-Jackson shark," shewing the oblique disposition of the 
large crushing teeth, which cover like a pavement the working 
borders of the month. The anterior teeth were small and 
pointed, (fig. 41). Behind the cuspidate teeth the five consecu- 
tive rows of teeth progressively increase in all their dimensions, 
but principally in their antero-posterior extent. The sharp 




Fig. 41. 
Upper jaw and teeth of Port-Jackson Shark (Cestracion), half nat. size. 

point is converted into a longitudinal ridge traversing a con- 
vex cnishing surface, and the ridge itself disappears in the 
largest teeth. As the teeth increase in size, they duninish in 
number in each row. Tlie series of the largest teeth includes 
from six to seven in the upper, and from seven to eight in the 
lower jaw. Behind this row the teetli, although preserving 
their form as crushing instruments, progi'essively diminish in 
size, while at the same time the number composing each row 
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decreases. From the oblique and apparently spii'al disposition 
of the rows of teeth, their symmetrical arrangement on the 
opposite sides of the jaw, and their graduated diversity of 
form, they constitute the most elegant tesselated covering to 
the jaws wliich is to be met with in the whole class of fishes. 

The modifications of the form of the teeth above described, 
by which the anterior ones are adapted for seizing and re- 
taining, and the posterior for cracking and crushing alimentary 
substances, are frequently repeated, with various modifications 
and under different conditions, in the osseous fishes. They 
indicate, in the present cartilaginous species, a diet of a lower 
organised character than in the true sharks ; and a correspond- 
ing difference of habit and disposition is associated therewith. 
The testaceous and crustaceous invertebrate animals constitute 
most probably the principal food of the Cestracion, as they 
appear, by their abundant remains in secondary rocks, to have 
done in regard to the extinct Cestracionts, with whose fossil 
teeth they are associated. 

From their mode of attachment, these teeth would become 
detached from the jaws of the dead fish, and dispersed in the 
way alx)ve described ; and it is by such detached fossil teeth 
that we first get dental evidence of the Cestraciont family in 
former periods of the earth's history. 

If fig. 42 be compared with fig. 41, it would seem as if 
^^— ^^^ the several teeth of each oblique row in 

^^HBj^^jf^ Cestracion had been welded into a single 
^I^^^VIV^^ dental mass in Cochliodtis, the proper- 
^^B^ VjJl^H tions and direction of the rows being 
^^^^ ^^^ closely analogous. Whether in Coch- 
Fig. 42. liodus there were any small anterior 

Cochlhdua eontartus, Ap. prehensile teeth, is hypothetical ; the 

(Carboniferous.) , i.* j x i i x i i 

large cnishmg dental plates must have 
been admirably adapted to crack and bruise the shells of 
moUusks and cnistaceans. The Cochliodus corUortm (Ag.) 
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(fig. 4'2) has been found in the carboniferous fonnations near 
Bristol and Armagh, and the genus is peculiar to that geolo- 
gical period. 

A form of tooth more closely resembling the crushing-teeth 
of Cestracion, is that on which the genus Acrodus is founded, 
with species ranging from triassic strata to the upper chalk 
of Maestricht The one here selected (fig. 43) is the Acrodus 
ncbiliSy from the lias of Lyme Regis. The upper figure shews 
the grinding surface, which, from its 
finely and transversely striated character i 
and dark colour, has suggested to the 
quarrymen the name of " fossil leeches.^ 
The older fossilists regarded these teeth 
as petrified Vermes ; but the stnicture, 
as shewn by the microscope, is closely 
similar to that of the teeth of Cestra- Fig. 43. 

cion,* Portions of the jaw of the Ac- Acrodus nobUis (tooth). 
rodus have been discovered which shew ^^^^ 

that these t^eth were arranged, as in Cestracion, in oblique 
rows, with at least seven teeth in each row. A crod'iis lateralis 
is a muschelkalk fossil, A. hirudo a Wealden fossil, and A. 
transversus a cretaceous fossil. No tooth referable to the 
genus has been found in any tertiary stratum. 

The nearly allied StropJiodtis is represented by Str, angv^- 
tissimics in the muschelkalk, by several species in the oolites 
(but not in lias), and by the Str. asper in the chalk of 
Lewes. 

The genus Ptychodvs is founded on teeth usually of large 
size, and of a more or less square form (fig. 4?4). Tlie crown 
is deeper than the root, which is obtuse and truncate. The 
enamelled summit of the crown is granulate at the margin, 
and raised in the middle into an obtuse eminence, disposed in 
large transverse, parallel, sometimes wa\y and rather sharp 

• See Owen's Odontographj, vol. i., p. M, pis. 14 and If?. 
K 
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ridges. With teeth of this fomi are sometimes found others 
of smaller size, with more convex rounded crowns, doubtless 
forming the extremes of the multiserial pavement which, a.s 
in modeni sharks and rays, covered the 
broad jaws of the Ptychodonts. In my 
" Odontography,*'* I have pointed out the 
resemblance of the teeth of Plychodtis to 
those of Rhina, and Sir P. Egerton informs 
me that the fin-rays of Ptychodiis shew the 
same affinity. But the principle of tlie 
*' more generalised structure " was mani- 
fested in this, as in most contemporary 
forms. The large dorsal spines found asso- 
Fig. 44. ciated with the above-described teeth are 

Ptyehodus latissimus. longitudinally grooved, and resemble those 
of the Cestraciont family of sharks. All 
the specimens and species i*eferable to this genus have been 
found in the ci'etaceous strata. The Devonian Ctcnochis, Petalo- 
dttSj ChomatoduSy and Pdrodus, of the carboniferous limestone, 
and Thedodus of the Keuper, are provisionally referred to 
the Cestraciont family. 

Family II. — Hybodontes. 

Teeth referable to the genus Hyhodus occur in all the 
secondary rocks from the trias to the chalk inclusive. The 
teeth of the Hybodonts are conical, but broader and less 
sharp than those of true sharks. The enamel is strongly 
marked by longitudinal grooves and folds. One cone is 
larger than the rest, and called the ''principal;" the others 
are " secondary." In one genus {Cloulodus, Ag.), the secondary 
cones go on enlarging as they recede from the principal 
cone ; and teeth of this genus, referred by Eichwald to the 

• Vol. i., p 44. 
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Hybodus longiconiis, have been discovered in the old red 
sandstone in the vicinity of Petersburg. 

In the OroduSy the cones are more compressed, trenchant, 
and distinct from the body of the 
tooth, than in Hyhodus; but they 
present a principal and secondaiy 
cones. Fig. 45 is a tooth of the 
Orodus cindus (Ag.), from the car- 
boniferous beds near Bristol. The 
O.porosus and O.comjyresstis are from 
deposits of similar age near Armagh. Diplodvs and Oloasodvs 
of the coal series, and Sphenonchtts, which ranges from lias to 
wealden, are referred to the Hybodont family. 




'*^tf^fiBB»fefc'^Z: 



Fig. 45. 

Orodus cindus (tooth). 
(CarboniferouB.) 



Family III. — SQUALiDiE. 

(Sharks.) 

Tlie well-marked saw-shaped tooth (fig. 46), so closely re- 
sembles the lower jaw-teeth of the sharks, called "grisets" by 
the French {Notidami.% Cuv.), as to be referred to that genus 
by Aga.ssiz. Such teeth nevertheless occur in strata of oolitic 



^^ 



^ 



A 



Fig. 46. 


Fig. 47. 


Fig. 48. 


Xotidanus MUnsteri. 
(Upper Oolite.) 


Corcuc falcatus. 
(Chalk.) 


Gcdeocerdo aduncus. 
(Miocene.) 



age {Xotidanics Munsteriy Ag., fig. 46). Other species — e.g.y 
X. pectinattis — are foiuid in the chalk of Kent ; and JV. serra- 
tissimtcs, in the eocene clay at Sheppy. 

The tooth (fig. 47) on which Agassiz has founded the genus 
CoraXy indicates by its close resemblance to those of CarchariaSy 
its relationship with the tnie sharks {Sgualidce), Most of the 
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species of Goi^aXy including C, falcahcsy are cretaceous ; a few 
are tertiary ; all are extinct. 

Another form of shark's tooth, deeply notched at one mar- 
gin, and with the rest of the border finely denticulate, resembles 
more that of the "topes" or gray sharks (Oalevs, Cuv.), and 
is referred by Agassiz to the genus Oaleocerdo. The species 
are found in both the cretaceous and tertiary for- 
mations ; Galeocerdo aduncits (fig. 48) is from the 
miocene of Europe and America. In the same 
tertiary series are found the teeth of the Hemipris- 
its serroy Ag. (fig. 49). 

Odontaspis (Ag.), presents a form of tooth most 

Fig. 49. like that in the blue sharks (Lamnn) of the present 

*J2^ ** seas. Species of Odanta^ns occur in the cretaceous 

(Miocene.) and tertiary beds. The 0. Hopei (fig. 50) is fi*om 

the London clay of Sheppy. It indicates a very destructive 

and formidable species of shark. 

Teeth shaped like those of the white sharks {Cardiarias), 

Abut solid and usually of large size, are referred to 
the genus CarcJiarodo7i. One of these teeth, from 
miocene beds, Malta, in the Himterian Museum, 
London, measures 5 inches 10 lines at its longest 
side, and 4 inches 8 lines across the base. By the 
side of it is placed a tooth of an existing Carcha- 
Fig. 50. ^"^j 2 inches 3 lines at its " longest side,*' from a 
OdontoMpis shark which measured 20 feet in length. If the 

opet. ^^^jj of the fossil Carcharodon bore the same pro- 
( Eocene.) ^ 

portion to the body of the fish, this must have 

been about sixty feet in length.* Teeth of Carcharodon have 

been obtained from the Eed Crag of Suffolk, measuring 

upwards of six inches in length. The microscopic structure of 

the teeth in sharks is illustrated by the longitudinal section of 

* See the Author's Catalogue of Fossi] Reptilia and Pisces, in Mus. R. 
Coll. of Surgeons. I^nd. 4to, 1864, p. 124, No. 431. 
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a fossil fi*uiii Sheppy (fig. 51), shewing the outer lianl layer of 
** vitrodentiiie," and the 
'* vasodentine " form- 
ing the body of the 
tooth. With these fos- 
sil teeth of sharks are 
found, though spar- 
ingly, in both the cre- 
taceous and tertiary 
beds, petrified bodies 
of vertebne, shewing 
by their extreme short- 
ness in comparison 
with their bi^eadth, by 
their bi-concavity, and 
the fissures on the ex- 
ternal surface (as 
shewn on the lower 
figure of cut 52) that 




Fig. 52. 

The upper figure is a front 
view, the lowerone a side view, 
of the body of a vertebra of a 
Shark, Lamna or OdonUupU. 
(London clay, Sheppy.) 




Fig. 51. 

Magn. section of a tooth of a Shark 
{Lamna). 



they belonged to a shark closely allied to the 
{Lamnn^ Cuv.) 



Porbeagle 
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Family IV — Raiida:. 

(Bays,) 

This family of cartilaginous fishes is first indicated in the 
carboniferous period by the spine of Pleuracanthus (fig. 37) ; 
but unequivocal evidences, sufficiently perfect to yield generic 
characters, have been discovered in liassic (Sfualoraia, Artlv- 
roptertis), oolitic {Spaihdbatis^ Belemnobatis), cretaceous, and 
tertiary formations : they chiefly consist of portions of the 
numerous and many-jointed fin-i-ays, of defensive spines, 
dermal tubercles, and most commonly of teeth. The peculiar 
modifications of the dental system, presented by the eagle-rays 
{MylidbcUidoe) are unequivocally shewn by fossils of the tertiaiy 
formations, and have not been found in earlier strata. 




Fig. 53. 
Jaws and teeth of an Eagle-Ray {MyliobcUes aquild). 

The teeth of the rays are in general more numerous and 
much smaller than those of the sharks ; they have less 
mobility, are more closely impacted, and in some cases are 
laterally united together by fine sutures, so as to form a kind 
of mosaic pavement on both the upper and lower jaws. The 
Myliobates, or eaglo-rays, which present the last-mentioned 
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condition, unique in the vertebrate sub-kingdom, have large 
and massive teeth (figs. 53-6). The smaller teeth of the Rhina 
are adapted for crushing : but in the species of Raia^ Cuv., 
they have the middle or one of the angles of the crown pro- 
duced into a sharp point. In all genera of the ray tribe, 
whatever the diversity of size and shape of the teeth, they are 
placed in several rows, and succeed each other uninterruptedly 
from behind. 

The modification of the plagiostomous type of teeth, for 
the purpose of crushing alimentary substances, is most 
complete in the Myliohaiida:, A view of this armature of 
the mouth, as seen from behind in the Mylioba(£s aquilay is 
given in fig. 53. Both jaws are covered with a pavement of 
broad teeth, having a fiat grinding surface. To the genus 
MyliohaieSy as now restricted, certain fossils from the London 
clay of Sheppy {Myliohates tolifipicuSy Ag., fig. 54) belong. 





Fig. 54. 

Myliohates toliapicus. 
(Eocene, Sheppy). 



Fig. 55. 

Zygchates WoodtpanJi. 
(Miocene). 



In Zygohates (fig. 55), the middle series of teetli is less 
broad ; and a narrower series is interjiosed between the 
middle and the small lateral teeth. Existing rays shewing 
this modification are found in Brazilian seas ; fossil teeth of 
this genus, c,g,^ Zygohates Woodwardi^ Ag. (fig. 55), occur in 
the tertiary crag (probably miocene) of Suffolk, and in the 
miocene mollasse of Switzerland. 

Wlien the t^eth form broad transvei-se undivided plates, 
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as in fig. 5G, they characterize the genus uEtdbates, Fossils of 
this genus occur in the English eocenes and the Swiss mol- 
lasse. 

In the " crag*' of Norfolk and Suffolk, and in marine plio- 
cene beds, fossils have been found which closely resemble 
the osseous and spinigerous plates that beset the skin of the 





Fig. 5(5. 


Y\q. 67. 


^tobatts auharcuatM. 


RcUa davata. 


(Eocene, Bracklesham). 


(Dermal spines), 



kind of my called "thomback*' (fig. 57), and which indicate 
the existence of a pliocene species allied to the Rata davata. 

The almost entire specimens from the lithographic slates 
of Solenhofen {Thaumas alifevy Mst.) and of Cirin (SpatJiobatu 
bugesiaciLSy Thiol) shew a form of body which, like that of the 
modem monk-fish {8quaiina)y connects the rays with the 
sharks. Squuloraia has the like annectant relationship with 
the saw-fish (Pristis), which, as now specialised, first appears 
in eocene beds (Pristis hisulcatus from Slieppy, and Pr, acuti- 
dens from Bagshot sands). The Cyclobatis, Eg., from the tei^ 
tiary limestone of Lebanon, resembles the modem torpedos, 
a true and formidable species of which {Torpedo gigantea^ Ag.) 
has left its remains in the rich repository of ichthyolites at 
Monte Bolca. 

Thus we obtain evidence of fishes of the plagiostomous 
order in the marine deposits of every formation from the 
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upper Silurian beds to the present period. But none of the 
palseozoic fossils are referable to any existing genus. A few 
only of the mezozoic Plagiostomes, and those chiefly from 
the chalk, are so determinable : most of them belong or are 
allied to a family (CestraciorUidce), now nearly extinct. The 
evidence of the generic forms of Plagiostomes characteristic 
of the present time become common only in the teitiary 
periods. No fossil species is the same with any existing 
ona 

Order XL— HOLOCEPHALI* 

Odw ceroid Fishes. 

Char. — Jaws bony, traversed and encased by dental plates ; 
endo-skeleton cartilaginous ; exo-skeleton as placoid gra- 
nules ; most of the fins with a strong spine for the first 
ray ; ventrals abdominal ; gills laminated, attached by 
their margins ; a single external gill-aperture. 

To judge from the paucity of existing representatives of 
this order of cartilaginous fishes, it would seem, like the 
Cestracionts, to be verging towards extinction. One genus 
(ChiTnceray linn.) is founded on a single known species of the 
northern seas called ** king of the herrings" {Chimcera mon- 
strosa) ; another genus {CallorhynchiLS of Gronovius) is repre- 
sented by two known species in the Australian and Chinese 
seas. The only parts of chimaeroid fishes likely to be fossil- 
ized are the jaws and spines. The bony and dental substances 
are so combined in the more or less beak-shaped jaws, that 
they characterize the order, and are never found separate. 
It is chiefly on such fossil mandibles, and portions of them, 
that the evidence of the HolocepTuili in former geological 
periods rests. These singular fishes ranged, under diflerent 
generic and specific modifications, from the bottom of the 
oolitic series to the present period. 

* Or. IioloSy entire ; kephaUf head : the cranial walls being unbroken. 
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Genus CHiMiERA. — The premaxillary teeth, one in each 
bone, are oblong, about twice as high as they are broad, and 
terminate below in a transverse trenchant edge ; they present, 
exteriorly, vertical columns of alternately harder and softer 
substance, occasioning a notched margin when worn by use ; 
interiorly, they have oblique laminae which do not extend to 
the margin. The maxillary dental plates, one in each bone, 
are triangular, and present a broad surface to the lower jaw. 

GeniUH IscHiODUS, Egerton. — Each upper maxillary has 
four dental columns; the lower jaw is less produced and 
deeper than in Edaphodvs, Of this genus, /. Johnsoni is from 
the lias of Dorsetshire ; /. Eyertoni from the Kimmeridge of 
Shotover ; and /. Tovmsliendi^ a magnificent species, from the 
Portland stone. Two species (/. Agassizii and /. hremrostris) 
are from the cretaceous beds; at which period the genus 
appears to have perished. 

Oenm Ganodus, Egeiton. — Maxillary dental columns 
oblique, placed far back, converging as they advance, and 
sometimes blending into one mass at the triturating surface. 
This genus is exclusively represented by species from the 
oolitic slate of Stonesfield — e, g.y G. BiicMandiy G, Colei^ G. 
Owenii, 

Genus Edaphodus, Egerton (including Edaphodon and 
Fassalodon of Buckland). — Each upper maxillary has thi*ee 
dental columns; the lower jaw is more produced, but less 
deep, than hi Ischiodus : the premaxillaiy dental mass consists 
of five vertical and slightly bent series of oblique and curved 
transverse plates ; the median and longest series being 
strengthened by a supplementary dental column beliind; it 
represents the genus Passcdodon of Buckland. The large 
E. Sedffwlckii is from the gi-eensand near Cambridge ; the still 
larger E, gigas from the chalk of Kent and Sussex. The 
ichthyodorulite called Psitiacodus Manklli by Agassiz may be 
the dorsal sjune of this species. Three species, including the 
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E, BvAiklandi, are found in the eocene of Bagshot and Brack- 
lesham ; and one species {E, helveticus) is fix>m the mollasse of 
Switzerland. 

Ocrnis Elasmodus, Egerton. — Each upper maxillary has 
three dental columns, but the dentine is confluent, *' being 
rolled round like a scroll on the substance of the bone, one 
edge forming the margin of the tooth, the other buried deep 
in its centre."* The premaxillary has a thin incurved scal- 
priform tooth, rounded at the cutting edge, of a lamellate 
structure, with a columnar arrangement of the plates, which 
are juxtaposed. This genus is exclusively represented by 
species = JF. Hunteri — from the London clay of Sheppy. 

Order III— GANOIDEI. 

Char. — Endo-skeleton in some osseous, in some cartilaginous, 
in some partly osseous and partly cartilaginous; exo- 
skeleton formed by enamelled bones ; fins usually with 
a strong vspine for the first ray. 

Sub-order 1.— PLACOGANOIDEI. 

Char, — Endo-skeleton cartilaginous, or retaining the noto- 
chord ; head and more or less of the trunk protected by 
large ganoid, often reticulated, and suturally imited, 
plates; heterocercaL 

The last term signifies a form and structure of tail illus- 
trated by fig. 58, and to be seen in the sharks, dog-fishes, and 
sturgeons of the present day : it results from a prolongation 
of the vertebral column, w, into the upper lobe dn, producing 
an unsymmetrical form of the caudal fin, which is contrasted 
\\ith the symmetrical form of the same fin presented by most 
fishes of the present day, and illustrated by the Leptolepts 
s^yratH/oi^ms (fig. 73), and by the Semiopliorus (fig. 76), in 

* Egerton, Proc. Geol. Soc, May 12, 1«47. 



140 PALiKONTOLOGY. 

which the vei-tebral cohuaii terminates at the middle of the 
base of the caudal fin. Tliei*e are also intennediate forms 
and structures of this fin, some of them exemplifying arrested 
stages in the development of the homocercal tail. 




Fig. 58. 
Heterocercal tail {Lepidoiteue osseous). 

The fossil remains of the singular fishes of the extinct 
order Pldcogatwidei were first discovered about 1813, in 
formations of the '* old red " or Devonian age in Bussia, 
and are preserved in museums at St Petersburg and Dor- 
pat The relation of these specimens to the class of fishes 
was first announced by Professor Asmuss,* and shortly after, 
the generic names Asterolepis and Bothriolqpis were invented 
by Professor Eichwald,f to express certain modifications of 
the external surface of portions of the ganoid plates, subse- 
quently recognized as constituting the buckler of the fore-part 
of the extinct fishes. In September 1840 Hugh Miller sub- 
mitted to the geological section of the British Association at 
Glasgow the first discovered specimens which afforded a recog- 
nizable idea of the form of one of these " old red " fishes, and 

* Bulletin Sclent, par TAcad. Imp. des Sciences de St. Petersburg, 1840, t. 
vi., p. 220. 

t Ibid, t. vii., p. 78, communicated March 13, 1840. Pr. Fleming bad 
recognized ceiiain fossil scales as those of fishes in the " Old Red " of flfe- 
shire, in 1827. 
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for this form Professor Agassiz assigned tlie generic name 
Pterichthys {pt€ro7i, a wing, ichthys^ a fish). Although, there- 
fore, the term Asterolepis had been attached to a fragment of 
the cuirass of this fish a few months previously, yet, as no 
recognizable generic characters were associated with such 
name, and as Asterolepis has been applied also to other 
genera — e. g.y Homostevs and Heterostivs of Asmuss — the 
example of British palaeontologists will be here followed, in 
retaining the name Pterichthys for the present genus. '* Of 
all the organisms of the system," wrote the gifted Author of 
the Old Red Sandstone^ •*one of the most extraordinary, 
and the one in which Lamarck would have most delighted, 
is the PterichthySj or winged fish, an ichthyolite which tho 
writer had the pleasure of introducing to the acquaintance 
of geologists nearly three years ago (1840), but which he first 
laid open to the light about seven years earlier" (1833). 

Genns Pterichthys (fig. 59). — The head and the anterior 
half of the trunk are defended by ganoid plates — i.e,, plates 
of hard bone coated with enamel ; those of the trunk forming 
a buckler composed of a back-plate (fig. 59) and breast-plate 
(fig. 60), articulated together at the sides. The rest of the 
trunk was defended by small ganoid scales, giving it, like 
scale-armour, flexibility. The fish bore a small dorsal fin (fig. 
59, d), and a terminal heterocercal fin ; but these are very rarely 
displayed in fossil specimens. The pectoral spines, c, are 
formed of ganoid material, like the buckler. The armour of 
the head, or helmet, i, lo, appears to have been articulated by 
a movable joint to the trunk-buckler n, 13. One of the few 
existing ganoid fishes (LepidosteiLs) is remarkable for the degree 
in which the head moves upon the trunk. The component 
dermal plates of the helmet correspond in some measure with 
the position of the cranial bones in osseous fishes, but not 
sufficiently to sanction the application to them of corresponding 
names. They are indicated by figures in the cut 59 : 2 is the 
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front terminal or rostral plate ; it is followed in the median 
line by four other plates in the following order : — 4. premc- 




Fig. 69. 
PterichthySy dorsal Hurface (Devonian), after Pander. 

dian; 6, median; i, postmedian ; lo, nucJml; 3 is the warginal^ 
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and 7 the poshnarginal ; $ is the prelateral, and 9 the postlcUeral 
The dorsal shield of the trunk-cuirass is composed of two 
mid-plates and two on each side. 12 is the ** darsomcdian^ 
14 the post-dorsomedian ; n is the dorsolateral, 13 the past- 
dorsolateral. The ventral 
shield (fig. 60) consists of 
one mid-plate and two 
side-plates : 15 is probably 
a part of the cephalic 
shield or of the mandible : 
19 is the ventrolateral^ n 
the post-^entrolateral ; the 
small supplementary plate 
marked 17 is usually con- 
fluent with 19 ; 16 is the 
ventromedian plate ; its 
margins are bevelled off 
and overlapped by the 
lateral plates. 

The pectoral spines 
(fig. 59, c) consist of two 
principal segments, both 
defended by finely tuber- 
culated ganoid plates, like 
those of the head and 
trunk. From their form, 
they would seem to have 
served to aid the fish in 
shuffling along the sandy 
bottom or bed, if left dry 
at low-water. The fins attached to the flexible part of the 
body indicate a certain power of swimming, though not 
with any great rapidity ; they include a small dorsal and 
a pair of ventrals — these latter were first observed by Sir 




Fig. 00. 

rterichthtfs ; Plastron or Ventral Shield. 
(Devonian), after Pander. 



144 PALEONTOLOGY. 

P. Egertoii. Tlie jaws are small, and possess coofluent 
denticles. 

The type-species is the Ptenchthys Milleri ; others have 
been based upon proportions of the cuirass, of the pectorals, 
and the tail ; all are from the ** old red sandstone,** and the 
great majority have been found in the Devonian strata of 
Caithness, and other Scotch localities. 

Oenxis Cephalaspis {kephals^ head ; aynSy buckler). — In this 
genus the posterior angles of the shield-shaped helmet are 
produced backward in a pointed form, giving to the head the 
form of a ** saddler's knife ;" in other respects the genus closely 
resembles Pterichthya, 

Mr. D. Page has recently acquired specimens of Cepha- 
laspis from Lanarkshire tile-stones, forming the base of the 
Devonian system, which shew a dorsal tin, pectoral fins, and 
a laige heterocercal fin, besides a well-marked capsule of 
the eye-ball. Cephalaspis Murchisoni occurs in the passage 
beds fix)m the Silurian to the Devonian systems. 

Gfenus Pteraspis. — The buckler of Pteraspis Iruncaivs has 
been found in a Silurian stratum below the Ludlow bone bed ; 
it is the earliest known indication of a vertebrate animal. 
Pteraspis Llaydii occurs in the lower **old red" of Britain. 
The Pakeo- or Archa^o-teiUhis of Ferd. Roemer is founded on 
the buckler of a '* devonian " Pteraspis. 

Genus Coccosteus (Jookkos, berry ; ostemy bone). — If a 
heterocercal fin were added in outline to the i-estoration of 
the fish of this genus (fig. 61), a correct idea would be given 
of the *'old red** fossil, which, in the progress of its recon- 
struction, has suggested such diverse notions of its natiu^ 
and affinities. 

The helmet and cuirass are firmly united, and there is 
no trace of the jointed appendages, like pectoral fins, which 
characterize Pterichthys. The unprotected part of the trunk 
shews an ossification of the neural and haemal spines, and of 
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their appendages, the mys 
of a "dorsar and "anar 
fin ; and, by the analogy of 
CephalaspiSy the t^il was 
most probably terminated 
by an unequal-lobed fin. 
The lower jaw is composed 
of two rami, loosely con- 
nected at the sjTnphysis; 
so that, being displaced in 
crushed fossil specimens, 
they gave the notion of the 
fish being provided with 
laterally-moving jaws, like 
those of the lobster. But, 
the lower jaw worked verti- 
cally ujjon a fixed upper 
one ; both jaws being pro- 
vided with from ten to 
twelve teeth on each side, 
anchylosed to the bone. 

An under-view of the 
cephalothoracic buckler of 
Coccostem is given in fig. 62, 
shewing the internal sur- 
face and sutures of most of 
the cephalic plates, and the 
external surface of the plates 
of the plastron. 9, rostral 
2)late ; ?» prcmedian ; s, nu- 
dian; %, jrrdateral ; s, late- 
ral; 16, and 24, Hie suhorhital 
bone ; 15, i>^^^-^'^^i^om€dian ; 
behind the lozenge-shaped 
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ventroTnediany and on oach side, are (22) the ^>?Y-t?e>?/ro/a^/'«/ 




Fig. r>2. 
Oplialothoracic buckler, ventral aspect, Coccostevs decipiens (Devonian). 

and (20) the post-vent rolateral. The same figures mark the 
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above plates in the side view (fig. 61), with the addition 
of (12) the dorsomedian and (14) the post-dorsomedian. 

The blank space between the neural {n) and haemal (h) 
spines of the fossil endo-skeleton indicates the position of the 
soft "notochord" (c), which has been dissolved away. The 
cylindrical gelatinous body, so called (in Latin chorda dorsalis) 
pre-exists to the formation of the bony bodies of the vertebrae 
in all vertebrate animals ; and the development of those bodies 
seems never to have gone beyond this embr}''onal phase in any 
palaeozoic fish ; such fishes are accordingly termed " noto- 
chordal," as retaining the notochord. 

There are but two genera of existing fishes which mani- 
fest, when full grown, such a structure, associated with 
ossified peripheral elements of the vertebrae — viz., the Proto- 
pterus of certain rivers of Africa,* and the Lepidosiren of 
certain rivers of South America. Those fishes, if fossilized, 
would present the appearance of the vertebral column shewn 
in fig. 61 : and the like persistence in all palaeozoic and most 
mezozoic (figs. 72 and 74) fishes of an embryonic vertebral 
character, transitory in nearly all existing fishes, significantly 
testifies to a principle of " progression.'* 

The external ganoid surface of the buckler plates of 
Coccosteus is ornamented with small hemispherical tubercles ; 
whence the generic name, signifying **berr}^-bone/' The 
similarity of this ornamentation to that of the plates of the 
buckler in some tortoises, led to the belief, when the coccos- 
teal plates were first found, of their being evidence of the 
chelonian genus Trionyx in Devonian beds. Passing notions 
also got into print of the crustaceous afl&nities of Coccosteus ; 
whence the trivial name of the type-species dedpicns, or the 
" deceiving" Coccosteus. 

Strange as seem the forms and structure of the Y>laco- 

* See Linnapan Transactions, vol. xviii. ; and Proceedings of the Linntean 
Society, April 2, 1839. 
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ganoid fishes of the "old red" period, there are not wanting 
existing species which throw much truer light on their nature 
than any existing Chchmicv or Crmtacea. The singular little 
family of " trunk-fishes {Ostracionidce) shews species in which 
the body is inclosed in a more or less quadrangxilar cuirass, 
composed of* suturally- articulated ganoid plates, which are 
usually tuberculated on the external surface, and with the 
angles prolonged into spines in some species, like those of the 
helmet of Cephalaspis. The caudal part of the trunk pro- 
trudes from the back opening of the cuirass, as in Coccosteiui 
and PterichthySy and ossification of the endo-skeleton is incom- 
plete. The species of this family are for the most part natives 
of seas of tropical or wann temperate latitudes. 

In another family of existing fishes, called "Siluroids," 
there are species in wliich the broad cranial bones, connate 
with dermal ossifications, form a helmet to the head, whilst 
one or two dermal spine-bearing bones combine to form the 
part called " buckler" by Cuvier.* In the genus DoraSy the 
lateral line is armed with bony ganoid plates ; and in Callich^ 
thySy these biserial plates are developed so as to incase the 
whole body. But generally, as in PimdodiiSy the hinder 
muscular part of the trunk is undefended, as in Coccosteus. 
The ganoid plates of the head and back shields are fretted 
with rows or ridges of confluent tubercles, radiating from the 
centre to the circumference of the plate, whilst the inner 
surface is smooth, as in Coccoskiis (fig. 62); and, moreover, 
the dorsal plate in existing Siluroids sends down a median 
ridge from its inner surface, like that from the " dorso-median" 
plate in Coccosteus, The point of resemblance to be mainly 
noticed, however, is the contrast furnished by the powerful 
armature of the head and back with the unprotected naked- 
ness of the posterior portions of the creature — a point specially 
noticeable in Coccosteus^ and apparent also, though in a lesser 

* HiHtoire des Poissons, torn. xii. 
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degree, in some of the other genera of the old red, sxich as 
the Ptei^ichthyes and Asterolepides. "From the snout of the 
Coccosteus down to the posterior termination of the dorsal 
plate the creature was cased in strong armour, the plates of 
which remain as freshly presei^ved in the ancient rocks of the 
country as those of the Pimelodi of the Ganges on the shelves 
of the Elgin museum ; but from the pointed termination of 
the plate immediately over the dorsal fin to the taO, com- 
prising more than one half the entire length of the animal, 
all seems to have been exposed, without the protection of 
even a scale; and there survives in the better specimens 
only the internal skeleton of the fish and the ray-bones of the 
fins. It was armed, like a French dragoon, with a strong 
helmet and a short cuirass ; and so we find its remains in the 
state in which those of some of the soldiers of Napoleon's old 
guard, that had been committed unstripped to the earth, may 
be dug up in the future on the fatal field of Borodino, or along 
the banks of the Dwina or the Wap. The cuirass lies still 
attached to the helmit, but we only find the naked skeleton 
attached to the cuirass. The Pterichihys to its strong helmet 
and cuirass added a posterior armature of comparatively 
feeble scales, as if, whUe its upper parts were shielded with 
plate-armour, a lighter covering of ring or scale armour 
sufficed for the less vital parts beneath. In the Astcrolepis 
the arrangement was somewhat similar, save that the plated 
cuirass was wanting. It was a strongly-helmed warrior in 
slight scale-armour ; for the disproportion between the strength 
of the plated head-piece and that of the scaly coat was still 
greater than in the PtericMhys. The occipital star-covered 
plates are, in some of the larger specimens, fully three- 
quarters of an inch in thickness, whereas the thickness of the 
delicately-fretted scales rarely exceeds a line. 

"Wliy this disproportion between the strength of the 
armature in different partes of the same fish should have 
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obtained, as in Fterichthys and Asterolepis, or why, while one 
portion of the animal was strongly armed, another portion 
should have been left, as in CoccosteicSy wholly exposed, cannot 
of course be determined by the mere geologist. His rocks 
present him with but the fact of the disproportion, without 
accounting for it. But the natural history of existing fish, in 
which, as in the Pimdodi^ there may be detected a similar 
peculiarity of armature, may perhaps throw some light on 
the mystery. In Hamilton's Fishes of the Ganges, the habitats 
of the vaiious Indian species of Pimdodiy whether brackish 
estuaries, ponds or rivers, are described, but not their chai-ac- 
teristic instincts. Of the SUurvSj however, a genus of the 
same great family, I read elsewhere that some of the species, 
such as the Silurus Glanis, being unwieldy in their motions, 
do not pursue their prey, which consists of small fishes, but 
lie concealed among the mud, and seize on the chance 
stragglers that come in their way. And of the Piimlodus 
gtUio, a little strongly-helmed fish with a naked body, I was 
informed by Mr. Duff, on the authority of the gentleman who 
had presented the specimens to the Museum, that it burrowed 
in the holes of muddy banks, from which it shot out its 
armed head, and arrested as they passed, the minute animals 
on which it preyed. The animal world is full of such com- 
pensatory defences; there is a half-suit of armour given to 
shield half the body, and a wise instinct to protect the rest. 
Now it seems not improbable that the half-armed CoccosteuSy 
a heavy fish, indifferently furnished with fins, may have 
burrowed, like the recent Silurus Olanis or Pimdodvs gulioy 
in a thick mud, of the existence of which in vast quantity, 
during the times of the old red sandstone, the dark Caithness 
flagstones, the foetid breccia of Strathpeffer, and the gray 
stratified clays of Cromarty, Moray, and Banff unequivocally 
testify; and that it may have thus not only succeeded in 
capturing many of its Ught-winged contemporaries, which it 
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would have vainly pui-sued in open sea, but may have been 
enabled also to present to its enemies, when assailed in its 
turn, only its anned portions, and to protect its unarmed 
parts in its burrow."* 

Family. — Sturionid^e. 

Tlie Sturgeons are an exceptional kind of fishes at the 
present day. They include one of the few existing genera 
(StMrio) which have the " ganoid " scales, but these have the 
size and shape of plates, joined by sxitui*e on the head, de- 
tached in rows along the trunk. This placoganoid type 
of exoskeleton is combined with as ancient a condition of 
the vertebral column, in which the notochord is persistent 
and the vertebral bodies consequently absent, whilst the for- 
mation of the arches and their appendages does not pass 
beyond the cartilaginous stage, except in parts of the haemal 
arches of the skull. The other genera of the family shew the 
exoskeleton either in excess, so as to encase the caudal part 
of the trunk (Scaphyrhytiehus), or almost wanting, as in the 
paddle-fish of North America (SpaUdaria). The whole family 
is edentulous. The skeletal basis of the head and fins is, 
however, suflficiently hard to be preserved in the fossil state ; 
and thus fishes allied to the last-named aberrant genus have 
become known to us as having tenanted the liassic seas of 
(now) British coasts (Lyme Kegis, Wliitby). The name 
Chondrostcus was given to this genus by its discoverer, 
Agassiz ; two species have been w»ll described and figured 
by Egertomt 

In the arrangement of the cranial plates, and of the 
edentulous maxillary and mandibular arches, in the per- 
sistent notochord, in the appai*ent composition of the neur- 
apophysis of two pieces, and in the confluence of the 

* Hugh Miller, Rambles of a Geologist, p. 288. 
t Philos. Trans. 1858, p. 871. 
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scapula with tlie coracoicl, Clwndrostens agrees with Sturio. 
In the structure of the hyoid and opercular regions, in the 
better ossification of the endoskeleton, and in the shape 
and number of the " fulcral scales " of the tail, Chmidrosteiis 
shews a nearer affinity to the Lepidoganoids. In the absence 
of a spine-armed plate in front of each median fin, in the 
more advanced position of the dorsal, in its deeper form and 
smooth integument, it resembles Spatvlaria, The fore part 
of the head is too mutilated m the fossils to prove that it 
might not also have resembled the SpcUidaria, in a paddle- 
shaped production of that part. The liassic sturgeon seems to 
have enjoyed a more tranquil existence than the modem ones. 
The associated molluscous and i-adiate animals prove the 
marine character of the waters it inhabited. The thinly 
laminated beds of shale and limestone in which its remains 
occur testify to the tranquil condition of the sea in which it 
lived ; its smooth skin doubtless harmonizing in tint with the 
muddy bottom, served to conceal it from the predatory 
saurians with wliich it co-existed, so that Chxmdrostmis re- 
quired neither defensive armour nor locomotive energy to 
fulfil the functions assigned to it. 

Evidence of a true sturgeon (Accipraser) has not hitherto 
been met with in formations of older date than the eocene 
clay at Sheppey (Ace. tolia^nacs, Aff.) 

Sub-Order 2.— LEPIDOGANOIDEI. 
Family I. — Dipterid^. 

This family includes a few heterocercal fishes with two 
dorsal fins, and a large anal, adding by their backward posi- 
tion to the power of the main propelling organ — ^the tail. 
The head is large and well defended by ganoid bones ; the 
teeth are conical and sub-equal ; the scales perforated by 
small foramina ; the notochord is persistent 
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In the geuus Diptems (fig. 63), the two dorsals, d 1, 
d % are opposite the anal a, and the space thence extending 
to the ventrals v ; the latter being a little in advance 
of the first dorsal. Tlie Dipterus macivlejndotiis is oharac- 
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Fig. 63. 
Dipterus macroUpidotus (Devonian). 

terized by the large size of its scales. Its remains ai*e found 
in the old red sandstone of many localities of Scotland and 
England. 

In the allied genus Diplopterus the dorsals are wider 
apart, and the teeth are larger and fewer. Four species 
have been recognised in the middle "old red" of Gamrie, 
Orkney, and Lethenbar. Two species occur in the carboni- 
ferous series. 

In the genus Osieolepis the first dorsal is near the middle 
of the back. The teeth are sharp ; not any of the species 
exceed a foot in length : they are all from the middle "old red." 

Family II. — Acanthodii. 

The species of this family are characterized by their verj"^ 
small scales : they are heterocercal and notochordal There 
is a strong spine in front of each fin. The head is large ; the 
orbits approximate ; the mouth wide, formed chiefly by the 
maxillaries, and opening obliquely upwards, so that they 
have somewhat the aspect of the Uranoscopi. They have many 
branchiostegal rays. The principal genera are from the old 
red sandstone, and are as follows: — Cheiracanthm, with a 
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single dorsal situated in front of the anal ; AcanthodeSy in 
which the dorsal is situated behind the anal ; and Dipla- 
canthxLs (lig. 64f), in which there are two dorsals. 

The Diplacanthus striatus is found in the "old red" of 
Cromarty. In fig. 64, as in the other figures, p is the pectoral 




Fig. 64. 
Diplacanthus striatus. 

fin, d the dorsal, v the ventral, a the anal, and c the caudal. 
In this species the upper lobe of the caudal is much pro- 
longed. The fin-spines in the Acanthodii were, like those 
of the recent dog-fish (Spinax), simply imbedded in the 
flesh, with their biise, as it were, unfinished ; not provided, 
as in the Siluroids and other modem bony fishes, with a 
joint-structure. 

Cheirolepis, with the minute scales of the family, has the 
dorsal behind the anal, but has no spine in any fin: the 
mouth is large, the teeth small and uniserial. Some species 
of the present family, Acanthodes Bronnii, Ac, mlcattiSy existed 
in the seas of the carboniferous period. 



Family III. — Coslaoanthi. 

The species of this family are characterized by the hoUow- 
ness of the rays or spines ; whence the name. The caudal fin 
has a peculiar structure, the vertebral column being continued 
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into and beyond its middle part, supporting a kind of slender 
appendage between the two normal lobes. Coelacanths are 
most abundant in the Devonian and carboniferous forma- 
tions ; but some occur in oolitic and even in cretaceous beds ; 
but all became extinct before the tertiary epoch. 

Fine specimens of homocercal fishes, with rounded ganoid 
scales, sculptured externally and pierced by pro- 
minent mucus-tubes, as in fig. 65, have been 
discovered in the chalk formations of Kent and 
Sussex, They have been referred by Agassiz to 
the genus called Macropaniay significative of the 




Fig. 65. 




Macropoma 

large size of the giU-cover, and to the ccelacanthal Mantelli 
family. Casts of the ^ interior" of the alimentary ^ * ^' 
canal, shewing impressions of a broad spiral valve, are pre- 
served in certain specimens in the British Museum. One 
species (if. Egertoni) is from the Speeton clay; the other 
(if. Mantdli) from the chalk. 

Codacanthus is represented by species in carboniferous 
(C lepturus)y permian (C. grantUosus), and 
triassic (C. minor) beds. 

Olyptohpis had a heterocercal tail, with 
rounded scales, smooth externally, and with 
radiating compartments internally. The 0. mi- 
CTolepidotibSy of which a magnified view of some 
scales is given in fig. 66, occurs in the middle 
old red sandstone of Scotland and Eussia. 

Phyllolepis is, as yet, known only by its Fig. 66. 
large smooth or concentrically furrowed scales, l^^^l '"(De^ 
some of which are six inches in diameter, ^^^^lan)- 
Ph. concentricus occurs in the upper old red of Clashbinnie ; 
Asterolepis in the middle old red of Elgin ; Bothriolepis in 
the upper old red of Scotland and Eussia ; and Glyptopomibs, 
with the cmnial bones sculptured externally, in the upper old 
red of Dura Den. 
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Family IV. — HoLOPTYCHiDiE. 

The type-genera of this family were first recognized and 
characterized by the fossil scales, under the name Holoptychius 
(Ag.), and by the fossil teeth, under the name Rhizodus (Ow.) 
They include species which have left their remains in the 
** old red" and the coal measures. They are nearly allied to 
the Coelacanthians, having, like them, but partially ossified 
bones and spines, the interior of which retained their primitive 
gristly state, and appear hollow in the fossOs. The head was 
defended by large externally sculptured and tuberculate ganoid 
plates. The teeth consist of two kinds — small serial teeth, 
and large laniary teeth, the latter placed at long intervals ; 
both kinds shew the "labyrinthic" structure* at 
their base, whicli is anchylosed to the jawbone. 

The generic term RhizodTis is now retained for 
the Holoptychians of the coal measures which have 
, ^' „ , more robust and obtuse serial teeth, and loncer, 

Scale of JJoio- ' ^ 

ptychiusnobi- sharper, and more slender laniaries, exemplified by 
v^iaitO, half ^^e R. Hibherti, Species of true Holoptychius — 
nat. Bize. ^g^ jj gigantetis (Ag.), H. nobilissimus (Ag.), occur 
in the old red sandstone. A noble specimen of the latter 
species, 2 feet 6 inches in length, discovered in the old red 
sandstone at Clashbinnie, near Perth, is now in the pal^e- 
ontological series of the British Museum. It is chiefly 
remarkable for the size and bold sculpturing of the ganoid 
scales (fig. 67). 

Large fossil teeth, with the more complex "dendritic" 
disposition of the tissues, characterize a genus (Dendrodics), 
most probably of the Holoptychian family. The complexity- 
is produced by numerous fissures radiating from a central 
mass of viisodentine, which more or less fiUs up the pulp- 
cavity of the seemingly simple conical teeth of this genus. 

* Owen's Odontography, 4to, 1840, pi. 35. 





o 




LEPIDOGANOIDEI. 1 57 

Fig. 68 is one of these fossil teeth of the natural size — a, a 
transverse section ; and fig. 69, a reduced view of a portion 
of the same section {a) enlarged twenty diameters. Thus 
magnified, a central pulp-cavity of 
relatively small size, and of an ir- 
regular lobulated form, is discerned, 
a portion of which is shown at p ; 
this is immediately surrounded by 
transverse sections of large cylindri- 
cal vascular or pulp canals of difife- 
rent sizes ; and beyond these there 

are smaller and more numerous 

medullary canals, which are pro- Fig. G8. 

cesses of the central pulp-cavity. In ^ootb of Dendrodu, biporcatvs 

(nat. size.) 

the transverse section these processes 

are seen to be connected together by a net-work of smaller 
vascular canals belonging to a coarse osseous texture, into which 
the pulp has been converted, and this structure occupies the 
middle half of the section. All the vascular canals were filled 
up by the opaque matrix. From the circumference of the 
central net-work straight pulp-fissures radiate at pretty regular 
intervals to the periphery of the tooth ; most of these fissures 
divide once, rarely twice, in their course — the di\ision taking 
place sometimes at their origin, in others at different dis- 
tances from their terminations, and the branches diverge 
slightly as they proceed. Each of the above pulp-canals or 
fissures is continued from a short process of the central struc- 
ture, which is connected by a concave line with the adjoining 
process, so that the whole periphery of the transverse section 
of the central coarse reticulo-vascular body of the tooth pre- 
sents a crenate outline. From each ray and its primary 
dichotomous divisions short branches are sent ofif at brief 
intervals, generally at right angles with the trunk, or slightly 
inclined towards the periphery of the tooth. These subdivide 
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into a few short ramifications like the branches of a shrub, 
and terminate in irregular and somewhat angular dilations 
simulating leaves, but which resolve themselves into radiating 
fasciculi of minute dentinal tubes. There are from fifteen to 




Fig. 61). 
Magn. section of part of Dendrodiis biporcatvA. 

twenty-five or thiily-six of these short and small lateral 
branches on each side of the medullary rays. 

Such are some of the forms and structures of the fishes 
that swam in the seas from which were deposited the sedi- 
ments that have hardened into the "old red sandstones" of 
Great Britain, Russia, and other parts of the world. And 
in this process of consolidation the carcasses of the fishes 
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entombed in the primaeval mud have had their share. For, 
Just as a pliister-cast boiled in oil derives greater density and 
durability from that addition, so the oily and other azotized 
and ammoniacal principles of the decomposing fish operated 
upon the immediately surrounding sand so as to make it 
harder and more compact than the sediment not reached by 
the animal principles. Accordingly it has happened that in 
the course of the upheaval and disturbance of "old red'' 
strata, parts of it, broken up and exposed to the action of 
torrents, have been reduced to detritus, and washed away, 
with the exception of certain nodules, generally of a flattened 
elliptic form, which are harder than the surrounding sand- 
stone. Such nodules form the bed of many a mountain 
stream in "old red sandstone" districts of Scotland. If one 
of these nodules be cleft by a smart and well-applied stroke 
of the hammer, the cause of its superior density will be seen 
in a more or less perfect specimen of the fossilized remains 
of some animal, most commonly a fish. 

But the placoganoid and lepidoganoid, heterocercal and 
notochordal, fishes of the Devonian epoch existed in such vast 
shoals in certain favourable inlets, that the whole mass of the 
sedimentary deposits has been affected by the decomposing 
remains of successive generations of those fishes. The De- 
vonian flagstones of Caithness are an instance. They owe 
tlieir peculiar and valuable qualities of density, tenacity, 
and durability, to the dead fishes that rotted in their primi- 
tive constituent mud. From no other part of the world, per- 
haps, can a large flagstone be got, which a builder could set 
on its edge with assurance of its holding long together in that 
position. A great proportion of the county of Caithness 
formed, before its upheaval, the bottom of what may truly be 
termed a ** piscina mirabilis." Yet there are minds, who, cog- 
nizant of the wonderful structures of the extinct Devonian 
fishes — of the evidence of design and adaptation in their 
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structures — of the altered nature of the sedimeut surrounding 
them, and its dependence on the admixture of the decomposing 
and dissolved soft parts of the old fish — would deliberately 
reject the conclusions which healthy human reason must, as 
its Creator has constituted it, draw from such proofs of His 
operations. These ** irrationalists ^ try to make it be believed 
that God had recently, and at once, called into being all these 
phenomena ; that the fossil bones, scales, and teeth, had 
never served their purpose — had never been recent — ^were 
never truly developed, but were created fossil ; that the 
creatures they simulate never actually existed ; that .the 
superior hardness of the inclosing matrix was equally due 
to primary creation, not to any secondary cause. Like the 
Manicheans, they refer the geological evidences of deposition, 
superposition, stratification, petrifaction, and upheaval, equally 
with the palasontological proofs, to the operations of a being 
actuated by an elaborate design to deceive. 

Family V. — PALiEONiscro^. 

The Placoganoids, so richly represented in the Devonian 
epoch, disappear in the carboniferous one ; the Lepidoganoids 
increase in number. In the present family they combine 
with rhomboid scales, a heterocercal tail, and jaws armed 
with numerous, minute, close-set, rather blunt teeth. The 
type-genus is Palmoniscus (fig, 70), species of which range 
throughout the carboniferous and Permian beds : it is charac- 
terized by modemte-sized fins, the dorsal, D, being single, and 
opposite the interval between the anal. A, and ventral, F, 
fins : each fin has an anterior spine ; the fore-part of the head 
is obtuse. In the Palmonisd from the coal formations at 
Burdie House, near Edinburgh, the outer surface of the scales 
is striate and punctata ; e.g,^ in P. ornatissimvji,d^. striatus ; 
but in the Palocmmd of otlier British localities, and of the 
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continental and American coal formations, the scales are 
smooth ; e,g,, in P.fultusy from North America, P. Dnvemoi/i 
and P, minutns, from the coal beds of Mlinster Appel. In 
the Palcporiisci from the Permian copper schales and zech- 
atein, the scales are striate or punctate. The Palmoniscm 





Fig. 70. 
FalfEoniscuM (Pcrn)iai)). 

Freiedebciii is tlie most common, and was the firet recognized 
species of the genus ; of which there are forty known species, 
chiefly from carboniferous and Permian ems : one from the 
Keuper beds at Rowington, War- 
wickshire, appears to be the last 
representative of the genus : it is 
the Palcconismis super stcs of Egerton. 
Amblyptmis, with a geological 
range like that of Palcconisnts, differs 
in its shorter and deeper tail, and Scahn or Amblifpterus striatvs 
larger body-fins, whicli are devoid of (CarboniferouH). 

anterior spines. In fig. 71, a indicates the outer surface of parts 
of two series of the rliomboidal ganoid scales ; and h the inner 
surface of two scales, shewing the ridge produced at one end 
into a projecting peg, which fits into a notch of the next scale, in 
the way that tiles are pegged together in the roof of a house. 
The species affording the above structure is the Amblyptcras 
striatm from the coal formations at Newhaven, other species 
of Amhlypterus have left their remains in the muschelkalk, 
at which triassic period the genus seems to have passed 
away. 

M 
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Elonichthys, from the coal of Wettin, with longitudinally 
striate jaw-bones, and radiately striate skull-bones, combines 
certain characters of the two above-named genera, 

Pl^rolepis, from the coal of Scotland, with thick 
and densely enamelled scales, having four or five spines 
on their hind border, is also characterized by a more ad- 
vanced position of the dorsal fin than any other genus of 
Palccanisddce, 

Family VI. — Saurichthyid^. 

Magnificent species of heterocercal rhomb-scaled Ganoids, 
with large dispersed laniary teeth, sometimes of a size rivalling 
those of great Saurians, for which they have been mistaken, 
have left their remains in the coal strata at Carluke, near 
Glasgow, and other localities, and constitute the genus Megor- 
lichihys of Agassiz. The head is defended by strong ganoid 
plates, of a beautiful polish ; the trunk-scales are usually 
granulate exteriorly. In this genus, as in the type of the 
family, the fulcra of the fin-rays are in two rows. The type- 
genus SauricMhys has the teeth lodged in an alveolar groove, 
as in the Ichthyosaur, the crown being divided by a slight 
constriction fi'om the base : all the known species of Saw- 
ricJUhys are triassic. S, longidcns is from the bone-bed at 
Aust. Cliff, Bristol. 

Family VII. — CATURiDiE. 

Homocercal rhombo-ganoids, with a short dorsal fin, and 
some of the teeth much larger than the rest, and 
laniariform. 

Gcniis Caturus. — In this genus the jaws are armed with 
close-set, large, conical teeth ; the scales are delicate ; the fins 
are of moderate size ; all the species are homocercal and 
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iiotoclioKlal (fig. 72). The dorsal, d, is opposite the ventral, v. 
One species of Catums (C. Bucklandi) is from the lias ; hut 
the majority, like C fiircattis, are from the lithographic slates 
of Solenhofen. The most recent known species (C. mjiilu) is 
from the chalk of Kent. 

Pachi/cormns, Saurostomm^ Saurapsis, Tlirissonotvs, and 




Fig. 72. 
Caturus furcatus (Oolite, Solenhofen). 

Ev^iafhiiSy are liassic genera of the present family. It is 
deemed by some Palaeontologists to be rei)resented at the 
present day by tlie Noith American genus Lepidosfem ; but 
in this fish the notochord is converted into bony vertebral 
bodies, united by ball-and-socket joints, and the tail is hetero- 
cercal. 

Family VIII. — Pycnodontes. 

The name of this group of ganoid fishes refers to the blunt 
rounded form of the greater proportion of the teeth, espe- 
cially those attached to the palate and hind alveolar part 
of the lower jaw : the few anterior teeth are small and 
sub-prehensile ; but the whole dentition bespeaks fishes 
adapted to feed on small testaceous and crustaceous animals. 
In the modem *' Sea Breams'' (Sparoids), with an analogous 
dentition, the two premaxillaries opjjose the two premandi- 
bulars, but in the exthict Pycnodonts the vomer, as in 
Anarhicluis, opposes its pavement of teeth to that of the two 



16G PALAEONTOLOGY. 

of Sheppey. Some teeth from German miocene have been 
referred to this genus ; but at tliis period, if not at the earlier 
tertiary one, Pyawihis became extinct. 

Family IX. — DAPEDiDiE. 

Notochordal rhombo-ganoids, with front teeth conical or 
bifurcate, back teeth obtuse, vertebml column and side 
scales continued into the iipjjer lobe of an almost sym- 
metrical tail-fin. 

The pycnodont Tctragmiolepis of Bronn being eliminated, 
the lepidoid fishes, referred by Agassiz to that genus, con- 
stitute in the present family the genus jEchrnoduSy Eg. 
These are distinguished from the closely-resembling genus 
Dapcdius, by having the small anterior teeth conical and 
single-pointed, instead of being bifurcate ; and although this 
chamcter is subject to occasional variations, neveitheless, on 
taking a comprehensive view of these dapedioids, it seems 
to have been sufficiently constant to warrant the continuance 
of their separation into the unicuspid {jEchmodics) and bicuspid 
{Dapedivs) front-toothed genera. 

The tyi)e-genus, DapediuSy is a compressed deep-bodied 
fish, with a single dorsal, and a single series of fin-fulcra ; the 
front teeth are commonly notched. All the species are from 
liassic strata. AvMyurus, with a similar form, and also 
liasSic, has a veiy narrow anal, and a wide mouth with small 
pointed teeth. Seniioiiottcs and PJiolidophorus arc long-bodied 
fishes, the species of which range from the lias upwards t<i 
the Purbecks {Pholidophoi^^ibs anmttis), and to the chalk {Sani- 
oiwtus Bergeri), 

Family X. — Lepidotid^e. 

Ilomocorcal rhombo-ganoids, with obtuse teeth and well ossi- 
fied vertebrfe. 
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The type-genus of this family, LqmlohiSy is i-emarkable 
for the density and polish of its full-sized imbricated rhom- 
boid scales ; it has a short dorsal fin opposite the anal, 
and has two rows of fulcra to the anterior rays of all the 
fins. The species range from the lias to the chalk; one 
species, indeed {Lepidotm Maximiliani)^ liiigei's, after the 
commencement of the tertiary period, in the ** calcaire grossier" 
of Paris. 

In Nothmoiniis and Ojphiopm the fin-fulcm are in a single 
row, and the doi*sal fin is \evy long. Notagoffiis and Proptervs 
have the doraal fin almost cleft into two. 

Family XI. — Leptolepiuji:. 

The Ganoids of this family ai*e homocercal, and have 
small rounded scales. In the type-genus {Lcptolepis^ fig. 75), 
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Fig. 75. 
LeptoUpis spreUtiformis (Oolite, Solenhofen). 

the scales are extremely thin, yet a fine layer of ganoin 
may be discovered in them, and has contributed to their 
preservation. The teeth are minute and en hrosse, with 
two of larger size in fi-ont of the mouth. The vertebrae 
are ossified. Species of Leptolepis range from the lias 
to the calcareous slates of Eichstadt. They are very com- 
mon in the lithographic slates of Solenhofen and Pappen- 
heim. 

A tmnsitional step might be discerned on the derivative 
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hypothesis, in the present family, to the softrscaled covering 
of later fishes. 

The lepidoganoid type of fish is not known to have existed 
earlier than the Devonian period ; at which, however, it 
already offered two forms of the overlapping scales, Dipterus 
shewing the rhomboid, and Holoptychius the rounded form. 
Of the lepidoganoids of the carboniferous strata, Palceoniscus, 
Pygopkrm, Acroleins, EuryiiotuSy EloiiicMhySy Pl^trolepis^ 
GraptolepiSy OroyiuUhus, Pododiis, AcanthodeSy and Diploptcm^^ 
had rhomboid scales. Ccelacanthus, Isodus, Phylloiqns, Hoplo- 
jyyytts, Uroncmiis, ColonodicSj Ccntrodus, AsferoUpis, Psam- 
mostetts, and Osteopl(ui% had rounded scales. 

Of the above-named genera, Acroiejm, Pygopterus, Palceo- 
niscus, and CcelacmUhus, continue to be represented in Permian 
beds ; in which also are found species of the ganoid genera 
DorypteriiSy and Glohulodus, if the teeth on which the latter is 
based be not those of PlatysomuSj a pycnodont genus which is 
both Permian and cai'boniferous. 

Tlie formations of the mezozoic or secondary periods give 
evidence of the full development of the ganoid order. In the 
lowest or " triassic ^ division, this order is still represented by 
hetei-ocercal and notochordal species belonging to some of the 
genera of the Permian period, as, eg,, CcclacanthiiSy Ambly- 
ptencs, and PalccoiiisaLs, The genus Placodus, a supposed 
pycnodont fish of the muschelkalk, has been shewn to be a 
conchivorous Saurian. 

Of 33 genera of fishes in the lias, 4 only were repre- 
sented in older strata, while the rest extend into the upper 
oolitic beds. Most of these are Ganoids with rhomboid 
scales. Leptolepis has rounded scales ; and this shape be- 
comes more common in the mezozoic genera which appear 
later tlian the lias, such as Thrissaps, Megahfrvs, Oligoplcurvs, 
etc, 
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The heterocercal Ganoids are almost completely super- 
seded, in the oolitic series, by homocercal genera, which now, 
for the first time, appear on the stage of life ; but the ossifica- 
tion of the endo-skeleton is still incomplete. In the cretaceous 
series the Teleostian, or well-ossified, bony fishes, are nume- 
rous; and here also first are seen fishes with the flexible 
"cycloid'' or "ctenoid" scales, and of genera which continue 
to be represented by living species. 

In the tertiary division of geological time the ganoid order 
rapidly diminishes, and its place is taken by fishes with better 
ossified internal skeletons, and with thinner, more flexible, and 
usually soluble scales. The gills are supported on bony arches, 
and ai-e protected by branchiostegal rays, and by an operculum 
or gill-cover. The aortic bulb is provided with but two valves ; 
and the optic nerves decussate. For this group, including the 
majority of existing fishes, and of those which made their 
appearance during the tertiary period, Mtiller pi*oposed the 
name " Teleostei," which almost corresponds with the " osseous 
fishes" of Cuvier. The difierence of shape of scale seems not 
to have been more significative of ordinal distinction in the 
fishes with flexible or horny, than in those with hard 
enamelled scales ; the toothed border, or " ctenoid" type, of 
the soft scale may serve, however, like the even border or 
"cycloid" type, to characterize minor gi-oups of the better 
defined orders of softrscaled fishes. 

Order IV.— ACANTHOPTERI. 

Char, — Endo-skeleton ossified ; fins with one or more of the 
first rays imjointed or inflexible spines ; ventrals in most 
beneath or in advance of the pectorals ; swim-bladder 
without air-duct. 
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Sub- Order 1.— CTENOIDEI. 
Exo-skeleton as ctenoid scales (fig. 76). 

This sub-order includes the existing families of the perch, 
the bream, the gurnard, and the choetodont ; it will here 
suffice to exemplify it by two genera, both of which are 

^ " s^ extinct. One 

■t ^ J^ {Semiophorus) 

S% B^ ^* -*flr 1 belongs to the 





Fig. 70. 

Scale of Perca 

(Recent). 

chetodont fa- 
mily ; the other 
(Sm^dis) to the 
Percoids. 

The genus 
Semiophorus, 
Ag. (fig. 77), is 
represented ex- 
clusively by spe- 
cies peculiar to 
the tertiaiy de- 
posits at Monte 
Bolca. Itischa- 
Fi" 77 racterizedbythe 

/Semiophorus velicans {M.onii2 ho\cii). extreme height 

or prolongation of the anterior part of the dorsal fin, i), and 
for the correlated elongation of the slender-pointed ventral 
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fills. The anal fin, a, is much shorter than the dorsal. Owing 
to the soluble nature of the scales, and to the well-ossified 
skeleton, the fossils of this, as of most other tertiarj^ fishes, 
are exemplified by the veitebral column and skidl more tlian 
by the skin. 

Gciius Smerdis. — The species composing this genus are 
of small size, and are chiefly met with in the tei-tiaiy ich- 




Fig. 78. 
Smerdis minutus (Gypsum of Provence). 

thyolite beds of Monte Bolca; but some (e,f/., the Svierdis 
minutus, fig. 78) are from eocene deposits in France. In all 
the species the fii'st suborbital or laciymal bone is strongly 
dentate, as is also the preoperciUum ; but this lias no si>ine 
at the angle. The operculum terminates beliind by a i-oimded 
pronunence. There are two dorsals. The scales are minute, 
l)ut are occasionally preserved. 

Sub-Orclcr 2.— CYCLOIDEI. 

Tliis sub-order includes the teleostian fishes with undivided 
and unjointed spines at the fore part of the dorsal, and witli 
smooth flexible circular or elliptical scales (fig. 79). It is not 
represented by any species (»f older date tlian the cretaceous 
e]>och; and V>oth here and in the eocene tertiaries by ex- 
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Fig. 79. 



tiuct species, mostly of extinct genera. It is 
riclily represented at the pre- 
sent day by the Sphyrenoid, 
Scomberoid, and Xiphioid 
families. 

There are two kinds of ex- 
isting sword-fish, Xiphias and 
I{utio2)horiLs ; in the former 
tlie swonl-like prolongation of ScalesofaScom- 
tlio confluent premaxillaries is ^^^^ ^^^' - 
flattened, in the latter it is rounded. 

Fossil remains of a rounded rapier-like 
** sword," but much longer and moi*e slender 
than in the existing Ilistiophorus, have been 
found in the eocene clay at Sheppey and 
liracklesham. They are referred to an ex- 
tinct genus of the xiphioid family by Agassiz, 
called Ccclorhynchus, or " hollow beak." The 
most perfect specimen hitherto found is 
figured in fig. 80, of half the natural size. It 
forms part of the instructive collection of 
Captain Le Hon at Brussels. The upper 
transverse section shews the single cavity at 
the middle of the rostrum ; and the lower 
section shews the double or divided cavity 
near its base. 



Order V.— ANACiV^THLNI. 
iVvar. — Endo-skeleton ossified ; exo-skeletou 
in some as cycloid, in others as ctenoid 
scales ; fins supported by flexible or 
jointed rays ; ventrals beneath the 
pectorals, or none ; swim-bladder with- 
out air-duct. 
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Family. — GADiDiK. 

The type-family of this order is that wliich includes the 
cod-fish, haddock, and other species of the Linnajan Gadvs, 
The iferlinvs cristcUus and Rhinocephalus ^j/anicfjt^a of the 
London clay, are the oldest known forms of the family ; the 
true cod-fish {Morrhua)^ is not known to have existed before 
the present (human) period. 

Family. — Pleuronectida\ 
(Flat-Fishea.) 

In this family the symmetrical form is lost, and both eyes 
are on one side of the head. Species of still existing genera 
of this much-modified family have been found in tertiary 
deposits. The little turbot {Rhombus minimus^ e.g., fig. 81) 




Fig. 81. 
Rhomhus minimus (Monte Bolca). 

occurs in the tertiary deposits of Monte Bolca. An equally 
extinct species of sole (Solea antiqua) has been found in ter- 
tiary marls near Ulm. 

Order VI.— MALACOPTERI. 

Char, — Endo-skeleton ossified ; exo-skeleton as cycloid scales ; 
fins supported by rays, all of which, save the first in 
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the dorsal and pectoral of some kinds, are soft or 
jointed ; the malacopterans are abdominal or apodal, 
have free opereulated gills, and the swim-bladder has 
an air-duct. 

The carp, pike, herring, salmon, eel, exemplify this order, 
but tlie species of all these genera which have left their 
remains in tertiar}" strata — and none of them are older — are 
distinct from the existing kinds. 

Tlie Ganoids in these formations are reduced to the genera 
Lepidosteiis and Acipeiiser ; but may have been represented 
by the palates with crushing teeth, from the Sheppey clay, to 
wliich the names Pisodus* and Phyllodusi; have been given. 

With respect to the fishes of the tertiary- period, " they 
are so nearly related," says Agassiz, " to existing forms, that 
it is often difficult, considering the enormous number (above 
8000) of living species, and the imperfect state of preserv'ation 
of the fossils, to determine exactly their specific relations. 
In general I may say that I have not yet found a single 
species which was perfectly identical with any marine exist- 
ing fish, except the little Capelin {MaUotus villosus)^ which 
is foimd in the nodules of clay of unknown geological age in 
Greenland.'' These nodules are mostly veiy recent, and ex- 
emplify the operation of the dissolving soft parts of the fish 
in consolidating the surrounding matrix. 

No class of animals is more valuable in its application to 
the great point mooted by Uniformitarians and Progressionists 
than that of fishes ; for their testimony is exempt frem the 
objection on the score of the defective nature of negative evi- 
dence, to which the Progressionists' conclusions from the 
known genetic history of air-breathing animals may be open. 
It is true that many creatures living on land are never carried 
out to sea ; but marine deposits may be expected to yield 

• See Owen's Odontography, p. 138, pi. 47, fig. 3. 
t IbiM., p. 139, pi. 47, figa. 1 and 2. 
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atlequate grounds for detenuining the geneml character and 
grade of the vertebrate animals that swarmed in the seas 
precipitating such deposits. 

We cannot, from present knowledge, assign to any past 
period of the earth's history a characteristic derived from a 
fuller and more varied development of the entire class of 
tislies than has since been manifested, nor predicate of the 
present state of the class that it has degenerated in regard 
either to the number, bulk, powers, or range of modifications 
of the piscine t\'pe. A retrospect of the genetic history of 
fishes imparts an idea rather of mutation than of progression, 
to which the class has been subject in the course of geolo- 
gical time. Certain groups, now on the wane, have formerly 
existed in plenary development ; as, e.g,, the ganoid order in 
the mezozoic period, and the cestraciont form of Plagiostomes 
in both palieozoic and mezozoic times. 

As to the variety of the forms of fishes, seeing that the 
earth yields no indisputable evidence of Ctenoids or Cycloids 
anterior to the cretaceous epoch, yet still retains living repre- 
sentatives of both Ganoids and Placoids, the present might 
appear to be the culminating period in the development of 
fishes, in respect of the number of ordinal forms or modifica- 
tions of the class. It represents, however, rather the results 
of mutation, depending upon the progressive assumption of a 
more special type, and the Scomberoids seem now to be at the 
head of the piscine modification of the vertebrate series. But 
as the retention of general vertebrate characters, in the earlier 
forms of fishes, inn)lies closer affinity with the air-breathing 
cold-blooded class, so a higher character of organization may 
be predicated of the palaeozoic Placoids and Ganoids than of 
the Ctenoids and Cycloids forming the great bulk of the class 
at the present day. The comparative anatomist dissecting a 
shark, a Polypterus, or a Lepidosteus, would point to the 
stnictures of the brain, heart, generative organs, and in the last 
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two genera to the air bladder and duct, sls being of a more 
reptilian chanicter than the corresponding parts would present 
in most other fishes. But the palaeontologist would point to 
the persistent notochord, and to the heterocercal tail in 
palaeozoic and many mezozoic fishes, as evidence of an " arrest 
of development,*' or of a retention of embryonic characters in 
those primaeval fishes. 

One other conclusion may be drawn from a retrospect of 
the mutations in the forms of the fishes at different epochs of 
the earth's history, — viz., that those species, such as the 
nutritious cod, the savour}^ Iierring, the rich-flavoured salmon, 
and the succulent turbot, have greatly predominated at the 
period immediately preceding and accompanying the advent 
of man ; and that they have superseded species which, to 
judge by the gristly sharks and bony Garpikes (Lqpidosteus), 
were much less fitted to afford mankind a sapid and whole- 
some food- 
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In entering upon the genetic history of the class of 
reptiles, we have to inquire, as in that of fishes, at what period 
of the earth's history the class was introduced, and under 
what forms ; at w^hat period it attained its plenary develop- 
ment, in regard to the size, grade of structure, number and 
diversities of its representatives ; and the relations which 
the existing members of the class bear to its past condition. 
Fifteen years ago, the oldest known reptilian remains were 
those of the so-called " Thuringian Monitor," from the Permian 
copper-slates of Germany. Since that time the batrachian 
ApateoUy or Archegosaurus has been discovered in a Bavarian 
coal-field ; and footprints in carboniferous sandstones of 
North America have borne testimony to the fact, if not the 

* Gr., Ichnos a footstep, logos a discourse. 
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commencement, of reptilian existence at that period of the 
earth's history : for, air-breathing ambulatory animals may 
leave other evidence of their former presence upon earth than 
their fossilized remains. 

There are several circumstances imder which impressions 
made on a part of the earth's surface, soft enough to admit 
them, may be preserved after the impressing body has perished. 
When a shell sinks into sand or mud, which in course of time 
becomes hardened into stone, and when the shell is removed 
by any solvent that may have filtered through the matrix, its 
place may become occupied by crystalline or other mineral 
matter and the evidence of the shell be thus preserved by a 
cast, for which the cavity made by the shell has served as a 
mould. If the shell has sunk with its animal within it, the 
plastic matrix may enter the dwelling-chamber as far as the 
retracted soft parts will permit ; and as these slowly melt 
away, their place may become occupied by deposits of matter 
that had been held in solution by water percolating the 
matrix, and such, usually crystalline, deposit may receive and 
retain some colour from the soft parts of which it thus 
becomes the substitute. 

Evidences of soft-bodied animals, such as Actinice and 
MeduscCy and of the excremental droppings of higher animals, 
have been thus preserved. Fossil remains, as they are called, 
of soft plants, such as sea-weeds, reeds, calamites, and the like, 
are usually casts in matrix made naturally after the plant 
itself has wholly perished. 

Even where the impressing force or body has been removed 
directly or shortly after it has made the pressure, evidence of 
it may be preserved. A superficial film of clay, tenacious 
enough to resist the escape of a bubble of gas, may retain, 
when petrified, the circular trace left by the collapse of the 
burst vesicle. The lightning flash records its course by the 
vitrified tube it may have constructed out of the sandy par- 

N 



178 PALiEONTOLOGY. 

tides melted in its swift passage through the earth. The 
hailstone, the ripple wave, the rain-drop, even the wind that 
bore the drops along and drove them slanting on the sand, 
have been registered in casts of the cavities which they 
originally made on the soft sea-beach ; and the evidence of 
these and other meteoric actions, as sun-cracks and frost- 
marks, so written on imperishable stone, have come down to 
us from times incalculably remote. Every form of animal 
that, writhing, crawling, walking, running, hopping, or leap- 
ing, could leave a track, depression, or foot-print, behind it, 
might thereby leave similar lasting evidence of its existence, 
and also to some extent of its nature. 

The interpretation of such evidences of ancient life has 
much exercised the sagacity of naturalists since Dr. Duncan, 
in 1 828, first inferred the existence of tortoises at the period 
of the deposition of certain sandstones in Dumfriesshire, from 
the impressions left on those sandstones, and the casts after- 
wards formed in those impressions. The interpreting faculty 
has been still more racked by similar evidences of more extra- 
ordinary footprints (fig. 83), probably of large batrachian 
reptiles, first noticed in 1834 at Hildberghausen in Saxony, in 
sandstones of the same geological age as those in Scotland. 

The vast number and variety of such impressions, due 
either to physical or meteoric forces, to dead organic bodies, 
parts or products, or to the transitory actions of living beings, 
have at length raised up a distinct branch of palseontological 
research, to which the term "Ichnology" has been given. 

In this class of evidences the impressions called ** protich- 
nites"* (fig. 82), left upon the "Potsdam sandstones ''f of the 
older Silurian age in Canada, are the most ancient ; but the 



* See Owen, ** Description of the Impressions and Footprints of the Prot- 
ichnites from the Potsdam Sandstone of Canada,** Quarterly Journal of the 
Geological Society, 1852, p. 214. 

f Logan, ibid. p. 2. 
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footprints of birds surpass all others in regard to their num- 
ber, distinctness, and variety of sorts. 

But how, it may be asked, are such footprints preserved ? 
A common mode may be witnessed daily on those shores 
where the tide runs high, and the sea-bottom is well-adapted 
to receive and retain the impressions made upon it at low- 
water. 

Dr. Gould of Boston, U.S., first called the attention of natu- 
ralists to this interesting operation on the shores of the Bay of 
Fundy, where the tide is said to rise in some places seventy 
feet in height The particles deposited by that immense tidal 
wave are derived from the destruction of previously existing 
rocks, and consist of silicious (flinty) and micaceous (talcky) 
particles, cemented together by calcareous (limy) or argillaceous 
(clayey) paste, containing salts of soda, especially the muriate 
(common salt), and coloured with various shades of the oxide or 
rustofiron,of which the red oxide predominates. The perfection 
of the surface for receiving and retaining an impression depends 
much upon the micaceous element. Vast are the numbers of 
wading and sea birds that course to and fro over the extensive 
tract of plastic red surface left dry by the far retreat of the 
tide in the Bay of Fundy. During the period that elapses 
between one spring tide and the next, the highest part of the 
tidal deposit is exposed long enough to receive and retain many 
impressions ; even during the hours of hot simshine, to which, 
in the summer months, this so-trodden tract is left exposed, 
the layer last deposited becomes baked hard and dry, and 
before the returning tidal wave, turbid with the same commi- 
nuted materials of a second stratum, has power to break up 
the preceding one, the impressions left on that stratum have 
received the deposit. A cast is thus taken of the mould pre- 
viously made, and the sediment superimposed by each suc- 
ceeding tide, tends more and more surely to fix it in its place. 
Then, let ages pass away, and the petrifying influences conso- 
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lidate the sand layers into a fissile rock : it wiU split in the 
way it was formed, and the cleavage will expose the old moulds 
on one surface and the casts on the other. 

Another condition for fixing the impressions on a sandy 
shore is the following : — ^Wlien an extensive level tract is 
left dry by the retreating tide, as at the estuary of the small 
rivers entering the Bay of Morecambe, on the Lancashire coast, 
those rivers occasionally overflow the sands at low-water, 
and deposit in the footprints made previous to such overflow 
the fine mud which sudden heavy rains have brought down 
from the surrounding hills. Again, those sudden ** freshets," 
as they are locally called, sometimes as quickly subside, and 
a thin layer of argillaceous mud is left on the sanA This 
layer readily receives the footprints of the many birds that 
courae over the flat expanse, and may become hard enough to 
retain them when the tide returns and deposits in such foot- 
prints a layer of the fine sand which the rising waters hold 
in suspension. 

The best-defined footprints in the new red sandstone 
quarries at Stourton, on the Cheshire coast, are found where 
strata of sandstone are separated by a thin layer of aigil- 
laceous stone, wliich, when exposed, soon breaks up and 
crumbles away. This layer has, however, received the im- 
pressions when it was plastic, and the superincumbent deposit 
of sandstone retains those impressions in relief upon its under 
surface. The conditions producing an interposition of a thin 
layer of claystone between thicker beds of sandstone, which 
the writer has witnessed in the Bay of Morecambe, explain 
tlie formation and the preservation of the best " ichnites" of 
the labyrinthodont and other reptiles in the new red sandstone 
of Stourton. 

There is a third condition under which impressions, and 
casts of impressions, on a sandy beach may be preserved. On 
a dry windy day clouds of fine sand are drifted along the sut^ 
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face exposed at low-water, are spread lightly over all its little 
inequalities, and fill up every impression that may have been 
made on it since it was left bare by the retreating waves. On 
the return of the tide, the fine sand filling the impressions is 
moistened, and more wet fine sand is added to it ; and a cast 
is thus fixed in the moulds, to be more and more firmly fixed 
by each deposition from successive tidal waves. 

Thus may be witnessed the actual circumstances daily 
occurring that tend to preserve footprints and other im- 
pressions made on the sea-shore, and which have operated 
in past time to similarly preserve the impressions then 
made on tracts alternately exposed and covered by the tidal 
wave. The merit of having first discerned the nature and 
cause of the numerous small hemispheric pits and tuber- 
cular casts in relief on the surface of certain sandstone slabs, 
is due to John Cunningham, Esq. RG.S., architect, of Liver- 
pool.* Since that light was thrown on their nature, they 
have been recognized under various modifications, as impres- 
sions of soft rain, of the big-dropped thunder-shower, of rain 
driven obliquely by the gale, and making impressions with 
the side of the cup highest opposite the point whence the 
wind blew, of frozen rain or hail, etc. Dr. Dean, in 1845, 
after witnessing the first exposure and raising of the red 
sand slabs, near Greenfield, Mass., U. S., writes, " They were 
characters fresh as upon the morning when they were im- 
pressed ; * on that morning gentle showers watered the earth,'" 
etc Whenever a stratum is proved to be a " sedimentary" 
one — i. e. to be due to the precipitation of its constituent 
particles from water, in wliich they had been previously sus- 
pended — we have evidence of some expanse of water, — ^proof, 
in fact, of the existence of that element, with all its properties 

• Communicated by Dr. Buckland to the meeting of the British Association 
at Newcastle, 1838 ; and subsequently by Mr. Cunningham to the Geol. 8oc. 
(E*roc. of the Geol. Soc. vol. iii. 1839, p. 99). 
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of condensation by cold, and expansion and vaporization by 
heat and exposure. Evaporation makes the raw material of 
rain. No wonder, then, that impressions of rain-drops should 
be seen on the oldest sedimentary rocks. Conditions are co- 
ordinated in meteoric as in organic phenomena; one being 
given, the rest may be deduced. 

The oldest rocks in which rain-drop impressions have 
been observed are those of the Cambrian age at Longmynd, 
Wales.* Many of the micacious flags of the same forma- 
tion are covered with ripple, or current marks. They shew 
borings of worms, and a trace of a trilobite (Palceopyge) 
nearly allied to the Dikelocephodus — the oldest known trilo- 
bite of America (Lower Silurian or Cambrian at St. Croix, 
Minnesota). 

It is in " Potsdam sandstones" of the same geological anti- 
quity that the impressions have been discovered which the 
writer has interpreted to be those of a large entomostracous 
Crustacean ;t in evidence of which the following sample, appli- 
cable to a single species, may be given, in illustration of the 
ichnologisf s mode of work. 

Protichnites septem-Twtatus (fig. 82). 

The subject so named consists of a series of well-defined 
impressions, continued in regular succession along an extent 
of 4 feet ; and traceable with an inferior degree of definition 
along a further extent of upwards of 2 feet. 

In the extent of 4 feet there are thirty successive groups 
of footprints on each side of a median furrow, which is alter- 
nately deep and shallow along pretty regular spaces of about 
2i inches in extent. The number of prints is not the same 
in each group ; where they are best marked, as in fig. 82, 1 L, 
we see 3 prints in one group, a, a', a^, 2 prints in the next, &, 

» Salter, Quar. Jour, of the Geol. See, vol. xii., 1866, p. 250, pi. iv., fig. 4. 
t lb., vol. viii., p. 214, 1852. 
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h\ and 2 in the third, c, c\ which is followed by a repetition of 
the group of 3 prints, a, a', a"^ making the numbers in the 
three successive groups, 3, 2, 2 ; the three groups of impres- 
sions being recognizably repeated in succession along the whole 
series of tracks on both sides of the median groove. 




Fig. 82. 
Protichnitei 1-notatus (Cambrian). 

The principal footprints are disposed in pairs, placed with 
different degrees of obliquity, in each of the three groups 
towards the median track ; the innermost print in the second, 
B, and third, C, pairs, which are best marked, being usually 
rather more than half the size of the outer print, V and c'. 

The two footprints of the same pair are a little further 
apart from each other, in the three succeeding pairs, as at a', 
a^ 6, h\ r, c, especially in the second and third groups of each 
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set ; the two forming the pair a\ a", again approximating in 
the next series, and the pairs 6, V and c, c', diverging in the 
same direction and degree ; and this alternate approximation 
and divergence is repeated throughout the entire series of the 
present tracks. 

But what strikes the ichnologist, heretofore conversant 
chiefly with the footprints of bipeds or quadrupeds, is the 
occurrence in the present series of tlie third impression a, 
which complicates the most approximated pair A, being placed 
in front and a little to the inner side of the hindmost impres- 
sion, a^ of that pair. The superadded impression, a, is about 
the same size as the innermost in each pair, the average 
diameter of that impression being 5 lines. 

Taking this view of the impressions, it appears that w^hUst 
the innermost in each pair, a', 6, c, are of equal size, the outer- 
most, a^, 6', c', 1 L, progressively increase in size, from the most 
approximated to the most divergent of the three pairs ; that 
of the first, a"', being narrow in proportion to its length, that 
of the second, 6', as broad as long, and the outermost, c', c^ of 
the third pair being oblong, but larger than that in the first 
pair. In some places where the most approximated pair of 
impressions, a\ a"^ are deeply marked, they are complicated by 
a fourth shallow and very small pit, a^', 2 L, midway between 
the third, a, and the outermost, a^^ of the pair of impressions. 

There are no clear or unequivocal marks of toes or nails on 
any of the impressions which form the lateral pairs or triplets. 
Their margins are not sharply defined, but are rounded off, and 
sink gradually to the deepest part, which is a little behind the 
middle of the depression. There is a slight variation in the 
form and depth of the answerable impressions, but not such 
as to prevent their correspondence being readily appreciable 
through the extent of the track here described; that is to say, 
the innermost of each of the three pairs here described as firsts 
A, second, B, and third, C, may be identified with the corres- 



ICHNOLOGY. 185 

ponding innermost impression on the opposite side, and with 
the same impression of the same pair in the three preceding 
and the three succeeding pairs. 

The impressions selected for fig. 82 clearly demonstrate 
that the animal, progressing in an undulating course, made at 
each action of its locomotive members, answering to the single 
step of the biped and the double step of the quadruped, not 
fewer than, in Protichnites 7'notatuSy fourteen impressions, 
seven on the right and seven on the left ; and in Protichnites 
S-motahis, sixteen impressions, eight on the right and eight on 
the left ; these seven and eight impressions respectively being 
arranged in three groups — viz., in Protichnites 7-notaiu$^ three, 
two, and two ; in Protichnites S-notatuSy three, two, and three 
— the groups being re-impressed, in successive series, so 
similarly and so regularly as to admit of no doubt that they 
were made by repeated applications of the same impressing 
instruments, capable of being moved so far in advance as to 
clear the previous impressions, and make a series of new ones 
at the same distance from them as the sets of impressions in 
the series are from each other. 

What then was the nature of these instruments? To 
this three replies may be given, or hjrpotheses suggested : — 
They were made either, first, as in the case of quadru- 
pedal impressions, each by his own limb, which would give 
seven and eight pairs of limbs to the two species respec- 
tively; or, secondly, certain pairs of the limbs were bifur- 
cate, as in some insects and crustaceans, another pair or pairs 
being trifurcate at their extremities ; and each group of im- 
pressions was made by a single so subdivided limb, in which 
case we have evidence of a remarkably broad and short, and, 
as regards ambulatory legs, hexapod creature ; or, thirdly, three 
pairs of limbs were bifurcate, and the supplementary pits were 
made by small superadded limbs, as in some crustaceans; or, 
fourthly, a single broad fin-like member, divided at its impress- 
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ing border into seven or into eight obtuse points, so arranged 
as to leave the definite pattern described, must have made the 
series of three groups by successive applications to the sand. 

The latter hjrpothesis appears to be the least probable, — 
first, as being most remote from any known analogy; and, 
secondly, because there are occasional varieties in the groups 
of footprints which would hardly accord with impressions left 
by one definitely subdivided instrument or member. Thus in 
the group of impressions marked 1 L in fig. 82, the outer 
impression, c', is single, but in the preceding set it is divided ; 
whilst the impressions, a, a', are confluent in that set, and are 
separate in 1 L. The same variety occurs in the outer pair, 
c', c*, in Protichnites S-^notatvs, 

Yet, with respect to the hypothesis that each impression 
was made by its own independent limb, there is much difiBl- 
culty in conceiving how seven or eight pairs of jointed limbs 
could be aggregated in so short a space of the sides of one 
animaL So that the most probable conception is, that the 
creatures which have left these tracks and impressions on the 
most ancient of known sea-shores belonged to a crustaceous 
genus, either with three pairs of limbs employed in locomotion, 
and severally divided to accord with the number of prints in 
each of the three groups, or bifurcated merely, the supplemen- 
tary and usually smaller impressions being made by a small 
and simple fourth, or fourth and fifth pair of extremities. 

The great entomostracous king-crab {Limvlus) which has 
the small anterior pair of limbs near the middle line, and the 
next four lateral pairs of limbs bifurcate at the free extremity, 
the last pair of lateral limbs with four lamelliform appendages, 
and a long and slender hard tail, comes nearest to the above 
idea of the kind of animal which has left the impressions on 
the Potsdam sandstone. 

The shape of the pits, so clearly shewn in the ice-rubbed 
slabs, impressed by Protichnites S-notaiicSy accords best with 
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the hard, subobtuse, and subangular terminations of a crusta- 
ceous ambulatory limb, such as may be seen in the blimted 
legs of a large Palinurus or Birgus; and it is evident that the 
animal of the Potsdam sandstone moved directly forwards after 
the manner of the Macroura and Xiplwsuray and not sideways, 
like the brachyurous Crustaceans. 

The appearances in the slab impressed by the ProtichnUes 
mtUtirnoiatiLs favour the view of the median track having been 
formed by a caudal appendage, rather than by a prominent 
part of the under surface of the tnmk. 

The imagination is baffled in the attempt to realize the 
extent of time past since the period when the creatures were 
in being that moved upon the sandy shores of that most 
ancient Silurian sea ; and we know that, with the exception 
of certain microscopic forms of life, all the actual species of 
animals came into being at a period geologically very recent 
in comparison with the SUurian epoch. 

The deviations from the living exemplars of animal types 
usually become greater as we descend into the depths of time 
past; of this the Archegosaur and Ichthyosaur are instances 
in the reptilian class, and tlie Pterichthys and Coccosteus in 
that of fishes. If the vertebrate type has undergone such 
inconceivable modifications during the Secondary and Devo- 
nian periods, what may not have been the modifications of the 
articulate type during a period probably more remote from the 
secondary period than this is from the present time ? In aU 
probability no living form of animal bears such a resem- 
blance to that which the Potsdam footprints indicate as to 
afford an exact illustration of the shape and number of the 
instruments, and of the mode of locomotion, of the Silurian 
Protichnites. 

Since the foregoing interpretation of the Silurian Ichnites 
of North America was published, similar impressions have 
been observed in ix)cks of the like high antiquity in Scotland, 
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as at Binks, Eskdale, which 
have received the name of 
Protichnites Scoticus* 

Ahphibichnitcs. 

Genm Cheibotherium. 
— Fig. 83 gives a reduced 
view of a poition of new 
red sandstone, with three 
pairs of footprints in relief: 
the first and third of the 
left, the second of the right, 
side. Consecutive impres- 
sions of such prints have 
been traced for many steps 
in succession in the trias of 
Warwickshire and Cheshire, 
more especially at a quarry 
of a whitish quartzose sand- 
stone at Storton Hill, a few 
nules from Liverpool. The 
footmarks are shewn by the 
impressions, and also in 
relief; the former are seen 
upon the upper surface, 
those in relief upon the 
lower surface of the sand- 
stone slabs, when raised 
from their natural position ; 
the latter being casts, formed 
on the subjacent footprints 
as in moulds. The impres- 

* Harkness and Salter " On the 
Lowest Bocks of Eskdale/' Qaar- 
terlj Journal of the Geological 
Society, vol. xii., pp. 238, 243, fig. 2. 
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sions of the hind foot are generally 8 inches in length, and 
5 inches in width ; near each large footstep, and at a regular 
distance — about an inch and a half — ^before it, a smaller print 
of the fore foot, 4 inches long and 3 inches wide, occurs. The 
footsteps follow each other in pairs, each pair in the same 
line, at intervals of about 14 inches from pair to pair. The 
large as well as the small steps shew the thumb-like outer- 
most toe alternately on the right and left side, each step 
making a print of five toes. 

Footprints of corresponding form, but of smaller size, have 
been discovered in the quarry at Storton HiU, imprinted on 
thin beds of clay, separated by layers of sandstone. From the 
lower surface of the sandstone layers the solid casts of each 
impression project in high relief, and afford models of the 
feet, toes, and claws of the animals which trod on the clay. 

Similar footprints were first observed in Saxony, at the 
village of Hessburgh, near Hillburghausen, in several quarries 
of a grey quartzose sandstone, alternating with beds of red 
sandstone, and of the same geological age as the sandstones of 
England that had been trodden by the same strange animaL 
The German geologist who first described them (1834) pro- 
posed the name of Cheirotherium {cheir^ the hand, therioUy 
beast) for the unknown animal that had left the footprints, 
in consequence of the resemblance, both of the fore and hind 
feet, to the impression of a human hand ; and Dr. Elaup 
conjectured that the animal might be a large species of the 
opossum kind ; but in Diddphys the thumb is on the inner 
side of the hind-foot. The fossil skulls, jaws, teeth, and a few 
other bones which have been found in the sandstones exhibit- 
ing these footprints, and which alone correspond in size with 
them, belong to labyrinthodont reptiles. 

The impressions of the Cheirotherium resemble those of 
the footprints of a salamander, in having the short outer toe 
of the hind foot projecting nearly at a right angle to the line 
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of the mid toe, but are not identical with those of any known 
Batrachian or other reptile. They shew a papillose integu- 
ment as in some mammals, but also like that on the sole of 
certain Geckos, and which may be another mark of sauroid 
departure from the modem batrachian type. The proximity 
of the right and left prints to the median line indicates a nai^ 
rower form of body, or its greater elevation upon limbs longer 
and more vertical than in tailless Batrachia, and in strength 
and proportions more like those of mammals. In the attempt 
to solve the difl&cult problem of the nature of the animal which 
has impressed the new red sandstone with the cheirotherian 
footprints, we cannot overlook the fact, that we have in the 
Lahyrinthodons also batrachoid reptiles, differing as remarkably 
from aU known Batrachia, and from all other reptiles, in the 
structure of their teeth ; both the footsteps and the fossils are, 
moreover, peculiar to the new red sandstone ; the different 
size of the footprints referred to different species of Chciro- 
theria correspond with the different size of ascertained species 
of Ldbyrinthodon ; and the present facts best support the 
hjrpothesis, that the footprints called *' cheirotherian,'' are 
those of labyrinthodont reptiles. 

Oenus Otozoum. — The footprints in the red sandstones, 
probably of liassic age, in Connecticut, described by Prof. 
Hitchcock under the above name, equalled in size the largest 
of those of the Chevrotherium {Ch, Hercules)^ but the hind 
foot had but four toes, whilst the fore foot had five toes. It 
would seem that the hind foot, which was larger than the fore 
foot, obliterated the print of that foot, by being placed upon 
it in walking. In the few instances of the fore foot print the 
toes are turned outward, and the fourth and fifth seem to 
have been connate at their base. An impression of a web 
has been clearly discerned in the hind foot. Only one toe on 
this foot shews a claw, the rest are terminated by *' pellets," 
as in the Batrachia, to which family Dr. Hitchcock refers 
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these footprints, though with a surmise of the possibility of 
their marsupial nature.* 

Gernis Batrachopus {BatracTwpvs prim^ew^y King.) — In 
1844, Dr. King of Greensburg, Pennsylvania, discovered fossil 
footmarks, which he announced as being those of a reptile, 
in the sandstone of the coal measures, near that town. No 
reptilian footprints had previously been found lower in the 
series than the New Eed sandstone. Dr. King states the 
impressions to be " near 800 feet beneath the topmost stratum 
of the coal formation." 

Sir C. LyeU, in SillimarCs Journal, July 1846, describes 
his visit to Greensburg, where he examined these footmarks, 
and confirmed Dr. King's description of them. He considered 
them to be allied to the labyrinthodont footprints which have 
been referred to the genus Cheirotherium. He says — **They 
consist, as before stated, of the tracks of a large reptilian 
quadniped, in a sandstone in the middle of the carboniferous 
series, a fact full of novelty and interest; for here in Pennsyl- 
vania, for the first time, we meet with evidence of the exist- 
ence of air-breathing quadrupeds capable of roaming in those 
forests where the Sigillaria, Lepidodendron, Caulopteris, Cala- 
mites, ferns, and other plants flourished." 

These footmarks were first observed standing out in relief 
from the lower surface of slabs of sandstone resting on thin 
layers of fine unctuous clay, which also exhibited the cracks 
due to shrinking and drying. Now these cracks, where they 
traversed the foot-prints, had produced distortion in them, for 
the mud must have been soft when the animal walked over it 
and left the impressions ; whei-eas, when it afterwards dried up 
and shrunk, it would be too hard to receive such indentations, 
and could only affect them in the way of subsequent dislocation. 

No less than twenty-three footsteps, the greater part so 
arranged as to imply that they were made successively by the 

• Ichnology of Massachnsetts, 4to, 1858, p. 123. 
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same animal, were observed in the same quarry. Everywhere 
there was a double row of tracks, and in each row they occur 
in pairs, each pair consisting of a hind and fore foot, and each 
being at nearly equal distances from the next pair. The hind 
foot-print is about one-third larger than the fore foot-print : 
it has five toes, but the front one only four ; some of them 
exhibit a stunted rudiment of the innermost toe or " pollex," 
which is the undeveloped one. The outermost toe in the 
hind foot-print is shorter and rather thicker than the rest, and 
stands out, as it does in fig. 83, like a thumb on the wrong 
side of the hand. 

With this general resemblance to the footprints of Ldby- 
rinthodoTiy from the new red sandstones of Europe, there are 
well-marked distinctions. In the first place, the right and left 
series of impressions are wider apart, indicative of a broader- 
bodied animaL The front print in Batrachojnis has only four 
well-developed toes instead of five, as in Lahyi-inthodon ; it 
is also proportionably larger, — the fore foot in Lahyrinthodon 
being less than half the size of the hind foot The distance 
between the fore and hind print of each pair, and of one such 
pair from the next on the same side, is nearly the same in 
Batrachojnis and Lahyrinthodon, 

Gentis Sauropus, Eogers. — Very similar foot-prints were 
discovered and described by Mr. Isaac Lea in a formation of 
red shales, at the base of the coal measures at Pottsville, 78 
mUes N.E. of Philadelphia. Tliese are of older date than the 
preceding, inasmuch as a thickness of 1700 feet of strata 
intervenes between the foot-prints at Greensfield and the 
Pottsville impressions. 

Professor H. D. Eogers, in 1851, announced his discovery 
in the same red shales, between the Devonian and Carboni- 
ferous series, of three species of four-footed animals, which he 
deems to have been rather saurian than batrachian, seeing 
that each foot was five-toed ; one species, the largest of the 
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three, presented a diameter for each foot-print of about two 
inches, and shewed the fore and hind feet to be nearly equal 
in dimensions. It exhibits a length of stride of about nine 
inches and a breadth between the right and left footsteps of 
nearly four inches. The impressions of the hind feet are but 
little in the rear of the fore feet. With these foot-marks were 
associated shrinkage cracks, such as are caused by the sun's 
heat upon mud, and rain-drop pittings, with the signs of the 
trickling of water on a wet beacli, — all confirming the con- 
clusions derived from the foot-prints, that the quadrupeds 
belong to air-breathers, and not to a class of animals living in 
and breathing water. 

Class IL — REPTILIA. 
Order I. — Ganocephala* 

The name of this order has reference to the sculptured 
and externally polished or " ganoid ** bony plates with 
which the entire head 'was defended. These plates 
include the ** post-orbitaP and " super-temporal" ones, 
which roof over tlie temporal fossae. There are no 
occipital condyles. The teeth have converging inflected 
folds of cement at their basal half. The notochord is 
persistent ; the vertebral arches and peripheral elements 
are ossified ; the pleurapophyses are short and straight. 
There are pectoral and pelvic limbs, which are natatory 
and very small ; large median and lateral ** throat- 
plates f scales small, narrow, sub-ganoid ; traces of 
branchial arches. 

The extinct animals which manifest the above combina- 
tion of characters were first indicated by certain fossils, 
discovered in the sphaerosideritic clay-slate forming the 
upper member of the Bavarian coal measures ; and also 

* r«y0f, lustre ; »i^«Xit, heail. 
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in splitting spheroidal con- 
cretions &om the coal-field 
of Saarsbruck, near Treves. 
They were originally re- 
ferred to the class of fishes 
{Pyffopierus Lucius^ Agas- 
siz) : but a specimen from 
the Brandschiefer of MiLn- 
ster-Appel presented char- 
acters which were recog- 
nized by Dr. Gergens to be 
those of a salamandroid rep- 
tile.* Subsequently discov- 
ered specimens have been 
described and figured by 
Goldfu8s,t V. MeyerJ and 
myself. § The name A rclw- 

• Mainz, Oktober 1843. "In 
dem Brandschiefer Ton JUiliuter- 
appel in Bhtin-Baiem habe ich in 
Yorigen Jahre einen Salamander 
aufgefunden. Gehort dieser Schie- 
fer der Kolilen-formation ? in 
diescm falle ware der Fund aucfa in 
andcren Hinsicht interessant. (Le- 
onhard und Bronn, Neuea Jahrhuch 
fur Mineralogies etc., 1844, p. 49.) 
f "Archegosaurus, Fossile-Saurier 
au8 dem Stein kohlengebirge die 
den Uebergang der Icbtfajoden zu 
den Lacerten und Krokodilen bil- 
den,*' p. 3. {Beitrage zur vorwelt- 
lichen Fauna des Steinhohlenge- 
birges, 4to, 1847.) 

I Reptilien aus der Steinkofalen 
Formation in Deutchland, Sechster 
Band, Pa]feontographica,1857,p. 61. 

^ Quarterly Journal of the Geo- 
logical Society, vol. iv., 1848. 
Catalogue of Fossil Reptiles, Mas. 
Coll. Chir., 4to, 1854, p. 117. 
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gosaurus or primeval lizard, was proposed by Goldfuss to ex- 
press his conclusion as to the saurian nature of this very old 
form of reptile. I was led, b}' a study of nearly the same 
materials, to view the animal as having been more nearly 
allied to the perennibranchiate batrachia ; and additional 
evidence, while confirming the conclusion of the position 
of Archegomurus between fishes and reptiles, has shewn that 
it links on with those older ganoid forms of the gill-breathing 
class, rather than with the more modem soft-scaled teleosteal 
fishes with which the Protctis and Siren are closely allied. 
1 have not been able to discern a distinct vertebral body at 
any part of the space between the ossified neural or haemal 
arches : in some specimens the notochord has plainly been 
persistent in the trunk. 

Coincident with this non-ossified state of the basis of the 
vertebral bodies of the trunk (fig. 84, c), is the absence of the 
ossified occipital condyles which characterize the skull in 
better developed Batrachia, The fore part of the notochord 
has extended into the basi-sphenoid region, and its capsule 
has connected it by ligament to the broad flat ossifications 
of expansions of the same capsule, forming the basi-occipital 
or basi-sphenoid plate. In fig. 84 are represented the chief 
modifications of the vertebrae, as shewn in the neck, thorax, 
abdomen, sacrum, and tail The vertebrae of the trunk in the 
fully-developed full-sized animal present the following stage 
of ossification : — 

The neurapophyses (fig. 65, n) coalesce at top to form 
the arch, from which was developed a compressed, sub-quad- 
rate, moderately high spine, with the truncate or slightly 
convex summit expanded in the fore-and-aft direction so 
as to touch the contiguous spines in the back ; the spines 
are distinct in the tail The sides of the base of the neural 
arch are thickened and extended outwards into diapophyses, 
having a convex articular surface for the attachment of the 
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rib, pi ; the fore-part is slightly produced at each angle into 
a zygapophysis looking upwards and a little forv\'ards ; the 
hinder part was much produced backwards, supporting two- 
thirds of the neural spine, and each angle developed into a 
zygapophysis, with a surface of opposite aspects to the anterior 
one. In the capsule of the notochord three bony plates \s'ere 
developed, one on the ventral surface, and one on each side, 
at or near the back part of the diapophysis. These bony 
plates may be termed cortical parts of the centrum, in the 
same sense in which that term is applied to the element which 
is called "body of the atlas" in man and Mammalia, and 
** sub-vert€bral wedge-bone" at the fore-part of the neck in 
Enaliosauria, But as such neural or inferior cortical elements 
co-exist with seemingly complete centrums in the Ichihyo- 
sauruSy affording ground for deeming them essentially distinct 
from a true centrum, the term ** h)rpopophysis" has been pro- 
posed for such independent inferior ossifications in and from 
the notochordal capsule ; and by that term may be signified 
the sub-notochordal plates in ArchegomuruSy which co-exist 
with proper hsemapophyses (A) in the tail In the trunk they 
are flat, subquadrate, oblong bodies, with the angles rounded 
off* ; in the tail they bend upwards by the extension of the 
ossification from the under to the side parts of the notochordal 
capsule ; sometimes touching the lateral cortical plates. These 
serve to strengthen the notochord and support the interverte- 
bral nerve in its outward passage. The ribs (pt) are short, 
almost straight, expanded and flattened at the ends, round 
and slender at the middle. They are developed throughout 
the trunk and along part of the tail, co-existing there with the 
haemal arches, as in the Menopome.* The haemal arches (A) 
which are at first open at their base, become closed by exten- 
sion of ossification inwards from each produced angle, con- 

* "Principal Forms of tlie Skeleton," Orr's Circle of the Sciences, p. 187, 
fig. 11. 
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verting the notch mto a foramen. This forms a wide oval, 
the apex being produced into a long spine ; but towards the 
end of the tail the spine becomes shortened, and the haemal 
arch reduced to a mere flattened ring. 

The size of the canal for the protection of the caudal blood- 
vessels indicates the powerful muscular actions of that part> 
as the produced spines from both neural and haemal arches 
bespeak the provision made for muscular attachments, and 
the vertical development of the caudal swimming organ. 

The skull of the Archegosaurus appears to have retained 
much of its primary cartilage internally, and ossification to 
have been chiefly active at the surface ; where, as in the com- 
bined dermo-neural ossifications of the skull in the sturgeons 
and salamandroid fishes — e.//., Poli/2)teriis, Amia, Lepidosteus — 
these ossifications have started from centres more numerous 
than those of the true vertebral system in the skull of saurian 
reptiles. This gives the character of the present extinct order 
of cold-blooded, air-breathing animals. 

The skull is much flattened or depressed, triangular, with 
rounded angles, and the front one more or less produced 
according to the species ; and in some species accoi*ding to 
the age of the individual. The super-occipital (fig. 65, 4), is 
represented as in the salamandroid fishes, by a pair of flat 
bones ; the pair external to these, and forming the prominent 
angles of the occipital region, represent the " par-occipitals.'* 
The lower peripheral surface of the basi-sphenoidal cartilage 
is ossified with a concave border towards the notochord behind, 
to the capsule of which it seems to have been attached. The 
alisphenoids were doubtless cartilaginous, and the protocra- 
nium there unaltered, as it was apparently in the ex-occipital 
region. The peripheral xossifications above representing the 
"parietar* (7), form a pair of oblong flat bones, with the 
" foramen parietale" in the mid-suture. External to these, and 
wedged between the parietals, the super- and par-occipitals. 
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are the pair of bones answering to the " mastoids'* (8). They 
give attachment externally and below to the tympanic (28), 
and to a subsidiary bony plate (supra-squamosal, s) holding 
the position of that development of the mastoid and squa- 
mosal, which roofs over the temporal fossa in the Chdonia. 
The frontal bones (n), divided by a mid-suture, like the parie- 
tals, increase in length, and are continued far in advance of 
the orbits. The bone which occupies the position of the post- 
frontal in Chelonia is ossified from two centres, one (12) articu- 
lating with the mastoid ( 8 ), the other, post-orbital, 0, with the 
supra-squamosal. The post-frontal extends forward above the 
orbit to meet the pre-frontal, separating the frontal (n) from 
the orbits as in the sturgeon (Acipenser), PolypteraSy and Lepi- 
dosteus, and also in some Chelones, The pre-frontal extends 
far forward, terminating in a point between the nasal (15) and 
lacrymal. The nasals (15), divided by the median suture, 
extend to the external nostrils, their prolongation varying 
with the species and age of the individual. 

Thus far the ossification of the superficies of the skull of 
Archegosaunts closely conforms to that of the salamandroid 
ganoid fishes above cited ; and the homologous bones are 
determinable without doubt. The lacrymal bone obviously 
answers to the front large suborbital scale-bone in fishes ; its 
large size and forward extension in Archegosawms is a mark 
of that affinity. 

The upper jaw consists of pre-maxillary (22), maxillary 
(21), and palatine bones. The pre-maxillaries are divided by 
a median suture, as in Lepidosteus and Crocodiltts, and are 
short bones, the breadth exceeding the length in A. latirostrisy 
and also in the young of A. Decheni; but in the old animal 
opposite proportions prevail. The maxUlary (21) extends from 
the pre-maxillary to beneath and beyond the orbit The 
palatine is a long narrow bone, rather expanded at both ex- 
tremities ; it forms anteriorly the hinder border of the choanal 
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aperture, and mesially throughout a great part of its extent 
the outer boundary of the great palatal vacuity. It supports 
a row of teeth, of which one or two at the fore part are of 
large size. 

Between the orbit and the maxillary extends the bone (ts) 
which agrees with the malar of the crocodile, and with the 
suborbital bones of fishes. 

The bone (27) answers to the squamosal in the crocodile, 
but is chiefly a dermal ossification. It indicates, with the 
supra-squamosal, the tendency to excessive dermal ossification 
of the skull, and the " postorbital" corresponds in position with 
the posterior suborbital scale-bones in Amia and Lepidosteus, 

The hinder angles of the skull are formed by the tympanic; 
in young individuals the tympanic does not extend backward 
beyond the par-occipital, but as age advances it projects 
further backward. It appears to abut internally against the 
pterygoid. 

The two rami of the mandible were loosely united at a 
short symphysis. Tlie angular element (30) presents a con- 
vexity answering to the point of ossification whence some faint 
ridges radiate upon its outer surface. The dentary (3*), if it 
does not form the articular surface, begins very near it, and 
each ramus appears to be composed of these two bones. 

From fishes the lower jaw of Archegosaums differs in the 
great length or forw^ard extension of the angular piece (30) ; 
but it resembles the piscine type in the simplicity of its 
composition. The angular piece is, however, longer in the 
Granoids — c.^., Amia, PolypteruSy Lepidosteus, — than in other 
fishes ; in Lejndosircn its proportions are almost those of the 
Archegosaurtis ; and it offers similar proportions in the man- 
dible of the Axolotl and Protcxts (fig. 84). 

The teeth in Archegosaums have the simple conical pointed 
shape. They are implanted in the premaxillary, maxUlaiy, 
mandibular, and vomerine bone, and in a single row in each. 
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In the short preuiaxillaiies there are from 8 (A, Dechent) to 
12 (^. latirostris) ; they are rather larger than the maxillary 
teeth. These follow iu an unbroken series to beneath and 
beyond the orbit, and are about 30 in number ; but their in- 
terspaces are such as would lodge double that number in the 
s£une extent of alveolar border. The vomerine teeth are in a 
single row, parallel with and near to the maxillary row ; one 
or two behind the choane are much larger than the rest, which 
I'esemble the maxillary teeth in size. The mandibular teeth 
extend backward to the coronoid rising, and decrease in size, 
the front ones being the largest. Each tooth is implanted by 
a simple base in a shallow cup-shaped socket, with a slightly 
raised border, to which the circumference of the tooth becomes 
anchylosed. The tooth is loosened by absorption and shed to 
make way for a successor. These are developed on the inner, 
hind, and fore part of the base of the old tooth. Alternate 
teeth are usually shed together. They consist of osteodentine, 
dentine, and cement. The first substance occupies the centre ; 
•the last covers the superficies of the tooth, but is introduced 
into its substance by many concentric folds extending along 
the basal half. These folds are indicated by fine longitudinal, 
straight striae along that half of the crown. The section of 
the tooth at that part (see fig. 84, tooth-section) gives the same 
structure which is shewTi by a like section of a tooth of the 
Lepidoateus oxyurus,* 

The same principle of dental structure is exemplified in 
the teeth of most of the ganoid fishes of the carboniferous and 
Devonian systems, and is carried out to a great and beautiful 
degree of complication in the "old red" Dendrodonts. 

The repetition of this structure in the teeth of one of the 
earliest genera of Air-breathers, associated with the defect of 
ossification of the endo-skeleton and the excess of ossifica- 
tion in the exo-skeleton of the head and nape, instructively 

♦ Wyman, American Journal of the Natural Sciences, Oct. 1843. 
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illustrates the true nature and low position in the reptilian 
class of the so-called Archegosauri. 

Eesting upon and protected by the throat-plate in the 
middle line, there is a longish slender bone, either basi- or 
uro-hyal ; most probably homologous with the uro-hyal of 
Amphiuma and other Perennibranchiates. That two pairs 
of slender bones projected outward and backward from the 
median series, is shewn by more than one specimen of Arche- 
gosaurus in the British Museum. The anterior pair is the 
longest ; these are situated as if they had been attached, one 
to each side of the broad '* throat-plate," which may have 
i-epresented a basi-hyal. The anterior pair are homologous 
with the corresponding longer pair of appendages to the broad 
basi-hyal of Amphiuma, and are cerato-hyals. The shorter 
posterior pair answer to the branchi-hyals* in Amphiuma and 
other Perennibranchs. There is no such pair in the hyoidean 
arch of any known Saurian. 

External to the ends of the above lateral elements of the 
hyoid apparatus, are slightly curved series of dots or points. 
In the small relative size of these indications of branchial 
arches, the Archegosaurus agrees with the Amphiuma, 

No doubt, in the fully-grown ArchegosauruSy the lungs 
would be equal to the performance of the required amount of 
respiration ; but the retention of such traces of the embrj'onal 
water-breathing system in the adult leads to the inference 
that the animal must have affected a watery medium of exist- 
ence for as great a proportion of its time as is observed to be 
the case in the existing perennibranchiate reptiles ; in which, 
notwithstanding the degree of development of the lungs, the re- 
spiratory function seems to be mainly performed by the gills. 

The additional marks of affinity to fishes which the Arch^ 

• For the meaning of the names of bones, see the writer's works " On the 
Archetype of the Vertebrata Skeleton," 8vo, 1848; " Lectures on Anat. of 
Fishes," 8vo, 1846; and " Principal Forms of the Skeleton and Teeth," 12mo, 
1854. 
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gosaurus presents in its persistent notochord, cartilaginous 
basi-occipital, dermal ossifications on the head, and minute 
body-scales (fig. 84, scales), remove it further from the saurian 
reptiles, and exhibit it more strongly in the light of a transi- 
tional fonn between the Batrachians and the Ganoids. 

The under surface of the body between the head and trunk 
is defended by broad bony plates, three in number. One is 
median and symmetrical, of an elongate lozenge shape, with 
the angles rounded of; the outer surface is sculptured by 
radiating furrows, except at so much of the marginal part as 
is overlapped by the lateral pieces, and by the scapular arch. 
The lateral throat plates are attached to the anterior half of 
the sides of the median one, are shaped like beetles' elytra, and 
converge forwards. Their centre of ossification is towards 
their outer and back part, from which the external ridges and 
grooves radiate towards the inner border. 

Von Meyer* compares these dermal shields to the ento- 
and epi-sternal elements of the plastron of Chelonia ; their 
truer homology seems to the w^riter to be with the median and 
lateral large throat-plates or scales of Megalichthys and Sudis 
gigas. The ento-stemal element is the only endo-skeletal piece 
uncombined with a dermal ossification in most Chelonia ; in 
which order the epi-stemal, like the hyo- and hypo-stemals, ap- 
pear to be abdominal ribs, with superadded dermal ossifications. 

The scapula? (fig. 84, 51) are short and straight, with the 
upper free end inclined forward toward the occiput. The 
coracoids (52) are represented by a pair of flat reniform plates, 
with the convex border turned foi'ward, the concave one back- 
ward, as in Amphiuma, they form the chief part of the articu- 
lar cavity for the humerus. It is most probable also, that as 
in A mphiumOy a portion of the broad coracoid remained in the 
cartilaginous state, and that the reniform plate answers to 

* " Die keblbnisi platten konnte man der nnpaarigen Platte und dem ersten 
Platten-paar im BaucLpanzer der Scbildkrutcr vergleicfaen." ( €>p. cit.^ p. 100.) 
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the ossified part of that coracoid which it resembles in shape 
and relative position. 

The perennibranchiate aflinities otArchegosaurus are shewn 
as clearly by the scapular as by the hyoidean arch. The fore- 
limb does not exceed half the length of the head. The humerus 
(53) is a short thick bone, slightly constricted at the middle, 
expanded and roimded at both ends, the proximal one being the 
largest. For some time the bone is hollow and open at each 
end ; when ossification finally closes the terminal apertures, 
it shews that the ends were connected to the coracoid and to 
the fore-arm by interposed ligamentous matter, — not, as in true 
Saurians, by a synovial joint. Of the two bones of the fore- 
arm the ulna is a little longer and larger than the radius (54). 
Both bones present the simplest primitive form, gently con- 
stricted in the middle, with the i)roximal ends a little concave, 
the distal ones a little convex. The space between the anti- 
brachium and the metacarpus plainly bespeaks the mass of 
cartilage representing, as in Am2)hiumay the carpal segment 
(56) in Arcliegosaurus, No trace of a carpal bone is found 
save in the largest and oldest examples, in wliich five or six 
small roundish ossicles are aggregated near the ulnar side of 
the carpus. Four digits are present; and considering the 
poUex to be, as usual, wanting, the second digit answering to 
the medius of pentadactyle feet, is the largest, and includes at 
least four phalanges (58); these, with the metacarpals (57), are 
long, slender, terminally expanded, and truncate. They obvi- 
ously supported a longish, narrow, pointed paddle. The outer- 
most or little finger was the shortest, and has the shortest 
metacarpal and first phalanx. Thus, in ArchegosawniSy not 
only is the small size of the fore limbs, but also their type of 
structure, closely in accordance with that in the Perennir 
hranchiatd, as shewn in the tridactyle fore-limb of the Proteus 
anguinus^ of which a figure is added to that of the Archego- 
saumSy in fig. 05. 
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The ilium (62), like the scapula, is expanded at its articular 
or femoral end. Two shorter bones on each side complete the 
pelvis below. The broader one is the pubis (64). The femur 
(65), is slightly expanded, and truncate at both ends ; it is not 
longer than the ilium. The tibia (66) and fibula are separate 
bones, rather more than half the length of the femur. The 
foot-bones are separated by a fibro-cartilaginous tarsal mass (68) 
from those of the leg. The form of the phalanges, expanded 
and truncate at both ends, bespeaks their simple ligamentous 
joints, and that they supported, like the fore-limb, a fin or 
limb adapted simply for swimming. 

• The argument for the saurian affinities of Archegosaurus^ 
based by V. Meyer on the short fore-limbs of MystriosauruSy 
already invalidated by the difference of structure, is contro- 
verted by the fact, that the hind limbs of Archegosaunis, like 
those of the Perennibranchs, are not only as simple in struc- 
ture, but also as short, as the fore limbs. This laborious 
observer and accomplished artist has most contributed to 
our knowledge of the fossilizable parts of Archegosaurus ; 
but the true nature and deep significance of his subject 
seem to have escaped him. It is not with any known reptile, 
least of all with the crocodile, that it shews such conformity 
of structure as fully elucidates its affinities. More and 
truer insight is to be gained by comparison of the Archego- 
saurus with the vertebrates of the Devonian and carbonifeiv 
ous periods. The imperfectly ossified or notochordal state of 
the vertebral column, is that of all the fishes of its own and 
antecedent times. The state of the exoskeleton, as rhombo- 
ganoid scales on the trunk, and broad suturally-united, 
grooved, and polished plates on the head, are characters found 
in no air-breather of the present day. Associated as they are 
with labyrinthic teeth, and with limbs, in the embryonally- 
batrachian condition of those of a proteus, they seem to offer, 
to one who attends the facts upon which a science of the 
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origin of species may be based, the most exemplary instance 
of a transitional form, on the derivative hypothesis, of an aiiv 
breather from a water-breather. Whether the conditions of 
such derivation be external and impressive, or internal and 
genetic, and the degree in which those conditions may com- 
bine, if both concur in the work, is a problem needing much 
future observation, and the acquisition of a large amount of 
facts yet unknown. Those which have been acquired since 
Lamarck's speculations on the degrees in which outward 
influences might impress changes in structure, have contri- 
buted to their banishment. But a refutation of guesses at 
the mode in which one form, or grade of animal structure 
may be changed into another, leaves ^the possibility of deri- 
vation of one form from another open to the mind of every 
unbiassed explorer of the laws of animated nature ; and no 
fact> old or new, ought to be dismissed until its relations to 
the great question have been completely and impartially con- 
sidered, with all the power of thought which the naturalist 
can bring to bear upon it. 

Genvs Raniceps. — In about the centre of the great car- 
boniferous basin of Ohio, United States, at the mouth of the 
** yellow creek," is a seam of coal 8 feet in thickness, the lower 
four inches of which is *' cannel coal." In this has been found 
the skull, part of the vertebral column, scapular arch, and fore 
limbs of a reptile, referred by Professor Wyman* to the batra- 
chian sub-class, under the name of Raniceps. Two closely- 
allied fossils, also referred to Batrachioy have been found in 
the same formation and locality. 

Oenns Dendrerpeton. — This is founded on some small 
bones discovered in the hollow of the trunk of one of the trees 
{Sigillariay 2 feet in diameter), wholly converted into coal, the 
stumps of which stand erect in a coal-field of Nova Scotia. 
The genus is batrachian, w^ith close affinities, from the plicated 

* American Jonrnal of Science and Arts, March 1857. 
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structure of the teeth, the sculpturing of some broad cranial 
plates, and the structure and proportions of certain limb-bones, 
to the genus ArchegosaunisJ* The subsequent discovery of 
carinate scales with bones of the Dendrerpeton adds to the pro- 
bability of its appertaining to the Ganocephalous order. A 
second kind of reptile {Hylonomvs), and perhaps a third, 
together with a centipede {Xyldbi%is)y and shells of the air- 
breathing-snail {Dendropupd)y have rewarded Dr. Dawson's 
later explorations of the hollows of the old coal-forming trees 
of the carboniferous deposits of Nova Scotia. Thus air- 
breathing mollusks, articulates, and vertebrates, concur with 
the rich terrestrial vegetation to testify to the life-sustaining 
power of the atmosphere in the oldest division of the geological 
periods of the history of the earth. 

Order II. — Labyrinthodontia. 

Head defended, as in the Ganocephala, by a continuous casque 
of externally sculptured and unusually hard and 
polished osseous plates, including the supplementary 
"post-orbital" and "super-temporal" bones, but leaving 
a " foramen parietale." Two occipital condyles. Vomer 
divided and dentigeix)us. Two nostrils. Vertebral 
bodies, as well as arches, ossified, biconcave. Pleur- 
apophyses of the trunk, long and bent Teeth rendered 
complex by undulation and side branches of the con- 
verging folds of cement, whence the name of the order. 

The reptiles presenting the above characters have been 
divided into genera, according to minor modifications exem- 
plified by the form and proportions of the skidl, and by the 
relative position and size of the orbital, nasal, and temporal 
cavities. 

Genm Baphetes, Ow. 

* Qnarterlj Joarnal of the Geological Society, vol. ix., 1853. 
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Sp. Baphetes planiceps, — This is founded on part of a fossil 
cranium from the Kctou coal, Nova Scotia, measuring 7 inches 
across the orbits, belonging to the present order by the num- 
ber, size, and disposition of the teeth ; by the proportions and 
mode of connection of the premaxillaries, maxillaries, nasals, 
pre-frontals and frontals ; and by the resultant peculiarly 
broad and depressed character of the skull, the bones of which 
also present the same well-marked external sculpturing as in 
the Labyrinthodonts. The form of the end of the muzzle, or 
upper jaw, in the Pictou coal specimen, best accord with that 
in the Capitosaurus and Metopias of Von Meyer and Bur- 
meister ; but the orbits had been evidently larger and of a 
different form than in the reptiles so called. 

Being thus introduced at the carboniferous period to the 
labyrinthodont order, which attained its full development in the 
triassic period, the more decisive evidences and typical illustra- 
tions of that extinct group of reptiles will next be described. 

At the period of the deposition of the new red sandstone, 
in the present counties of Wai-wick and Cheshire, the shores 
of the ancient sea, which were then formed by that sandy 
deposit, were trodden by reptiles having the essential bony 
characters of the modem Batrachia^ but combining these with 
other bony characters of crocodiles, lizards, and ganoid fishes ; 
and exhibiting all under a bulk which, as made manifest by 
the fossils and footprints, rivalled that of the largest crocodiles 
of the present day. The form of the Labyrinthodonts, if we 
may judge by the great breadth and flatness of the skull, and 
the proportions of certain bones, seems to have been something 
between that of the toad and land-salamander. 

The smooth-skinned Batrachians have no fixed type of 
external form like the existing higher orders of reptiles, but 
some, as the broad and flat-bodied toads and frogs, most 
resemble the Chelonians, especially the sofb-skinned mud- 
tortoises, {Trionyx) ; other Batrachians, as the CcecUicey resemble 
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Ophidians ; a third group, as the newts and salamanders, 
represent the Lacertians ; and among the perennibranchiate 
reptiles there are species (Siren) which combine with external 
gills the mutilated condition of the apodal fishes. 

Thus it will be perceived that, even if the entire skeleton 

of a Labyrinthodont had been 
obtained, there is no fixed or 
characteristic general outward 
form in the existing Batrachian 
order whereby its afl^ity to 
that group could have been de- 
termined. The common cha- 
racters by which the Batra- 
chians, so diversified in other 
respects, are naturally asso- 
ciated into one group or sub- 
^ . , . y . class of reptiles, besides being 

Cranium and upper jaw and teeth of * " 

the Menopome (Menopoma taken from developmental phe- 

nomena, and from the circulat- 
ing, generative, and other perishable organs, are manifested 
in modifications of the skeleton, and principally in the skull. 
This is joined to the atlas by the medium of two tubercles 
(fig. 85, d, d), developed exclusively from the ex-occipitals ; 
the bony palate is formed chiefly by two broad and flat 
bones (ib. c), called " vomerine,'' and generally supporting 
teeth. It is only in the Batrachians among existing reptiles 
that examples are found of two or more rows of teeth on the 
same bone, especially on the lower jaw (CcecUia, Siren). 
Vertebral characters are here of less value. Some Batrachians 
have the vertebrae united by ball-and-socket joints, with the 
cup behind (Pipa), or in front (Rana), as in most recent rep- 
tiles ; others have biconcave vertebral joints, as in a few recent 
and most extinct Saurians. Some species have ribs, others want 
those appendages; the possession of ribs, therefore, even if 
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longer than those of the CcccUia^ by a fossil reptile combining 
therewith all the essential batrachian characters of the skull, 
would not be suflBcient ground for pronouncing such reptile to 
be a lizard or crocodile. Much less could its saurian nature be 
pronounced from the cir- 
cumstance of its possessing 
large conical striated teeth : 
the ordinary characters of 
size, form, number, and even 
of presence or absence of 
teeth, vary much in existing 
Batrachians ; and the loca- 
tion of teeth on the vomer- 
ine bones is the only dental 
character in which they 
differ from all other orders 
of reptiles. 

The writer's acquaintance 
with the remarkable fossils 
under consideration was be- 
gun by the examihation, in 
1840, of portions of teeth 
from the new red sandstone 
of Cotton End quarry, War- 
wickshire. The exteraal 
characters of these teeth 
corresponded with those (fig. 
86) which had previously Fig. 86. 

been discovered by Profes- Canine tooth of the Labyrinthadon Joffoeri 

sor Jaeger in the German ^"* * ^^^®^' 

Keuper formation in Wirtemberg, and on which tlio genus 

Mastodonsaurus had been founded. 

The results of a microscopic examination of the teeth of the 
Masfodonsauriis from the German Keuper, and of those from 

p 
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the new red sandstone of Warwickshire, proved that the teetli 
from both localities possessed in common a very remarkable 
and complicated structure (fig. 87* ), to the principle of which, 
— viz., the convergence of numerous inflected folds of the 
external layer of cement towards the pulp-cavity^ — a very 
slight approach was made in the fang of the tooth of the 
IchthyosauruSy whilst a closer approximation to the labj-rinthic 
structure in question was made by the teeth of several species 
of ganoid fishes, and by those of Archegosaurus, 

Thus, inasmuch as the extinct animals in question mani- 
fested in the intimate structure of their teeth an aflSnity to 
fishes, it might be expected that^ if they actually belonged to 
the class of reptiles, the rest of their structure would manifest 
the characters of the lowest order, — viz., the Batra^hia, the 
existing members of which pass, though not by the dental 
character alluded to, yet by so many other remarkable degra- 
dations of structure, towards fishes. 

In the same formation in Wirtemberg from which the 
labyrinthic teeth of the so-called Mastodonsaurus had been 
derived, more or less complete crania of the same animal 
were aften^^ards obtained, shewing the development of a sepa- 
rate condyle on each exoccipital bone, and a divided vomer, 
with a row of teeth on each half. The following fossils, 
from the new red sandstone of Warwickshire, gave additional 
proof of the batrachoid nature of the genus, with evidence of 
five species, viz., 1. Labyrinthodmi Jagaeri ; 2. L. leptognu- 
thus ; 3. L, pachygnathtcs ; 4. L. vcntricosits ; and 5. L, scutn- 
kUvs. Additions to the group of Eeptiles so exemplified 
have since been so numerous that the name of the genus has 
been successively raised to that of a family and an order. 

The Ldbyrinthodcyfi (Mastodonsaurus) Jagaeri is the largest 
known species, having a skull of upwards of three feet in 
length, and nearly two feet in breadth. Its limbs might well 

* Owen's Odontograpby, p. 195, pi. 64. 
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have left impressions of the size of those in the Cheshire 
sandstones, described and figured by Egerton as of the Chdro- 
ihertum Hercules. A lower jaw has been found in tlie " New 
Red" of "Guy's Cliff/' Warwickshire : a tooth of the natural 
size is represented in fig. 86. 




Fig. 87. 
TrADHverse section of a tooth of the Labi/rinthodon (magn.) 

The Ldlyifrinthodon leptognathus is known by fragments of 
the upper and lower jaws, two vertebne, and a stenium. They 
were found in the new red sandstone quarries at Coton End near 
Warwick. The vertebra has deep articular cavities at both ex- 
tremities of the body ; the neural arch is anchylosed with the 
centrum. From each side of its base a thick and strong 
transverse process extends obliquely outw^ards and upwards. 

The sternal bone consists of a body, which gradually 
thickens to the fore or upper end, where cross pieces are 
given off at right angles to the stem, each with a groove 
for the articulation of clavicles. 
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The modifications of the jaws, and more especially those of 
the bony palate, are batrachian : in the collocation of the larger 
fangs at the anterior extremities of the jaws, there is a resem- 
blance to the Plesiosaurus ; and in one part of the dental 
structure, in the form of the epistemum, and the bi-concave 
vertebrae, to the Ichthyosaurus. By the anchylosis of the 
base of the teeth to distinct and shallow sockets, Lahyrin- 
thodon resembles the Sphyrsena and certain other fishes. 
From the absence of any trace of excavation at the inner 
side of the base of the functional teeth, or of alveoli of reserve 
for the successional teeth, it may be concluded that the teeth 
were reproduced, as in the lower Batrachians and in many 
fishes, in the soft mucous membrane which covered the 
alveolar margin, and that they subsequently became fixed 
to the bone by anchylosis, as in the pike and Lophius. 

LoAyrinthodon pachygruUhus, — The remains of this species, 
which have been obtained, consist of portions of the lower and 
upper jaws, an anterior frontal bone, a fractured humerus, an 
ilium with a great part of the acetabulum, the head of a femur, 
and two ungual phalanges. A portion, nine and a half inches 
long, of a right ramus of a lower jaw, in addition to the cha- 
racters common to it and the fragment of the lower jaw of the 
L. kptognathus, in the structure of the angular and dentary 
pieces, shews that the outer wall of the alveolar process is not 
higher than the inner. The smaller serial teeth are about 
forty in number, and gradually diminish in size as they 
approach both ends of the row. The sockets are close to- 
gether, and the alternate ones are empty. The great laniary 
teeth were apparently three in each symphysis, and the length 
of the largest was one inch and a half. The base of each tooth 
is anchylosed to the bottom of its socket, as in scomberoid and 
.%ui"oid fishes ; but the Lahyrinthodan possesses a still more 
ichthyic character in the continuation of a row of small teeth 
anterior and external to the two or three larger tusks. 
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The remains of the cranium of the L, pachygnathus^ shew 
that it had subterminal nostrils, leading to a wide and shallow 
nasal cavity, separated by a broad palatal flooring from the 
cavity of the mouth, the passage being horizontal, and the 
internal apertures placed behind the external nostrils, whereas 
in the air-breathing Batrachia the nasal meatus is short and 
vertical, and the ipternal apertures pierce the anterior part of 
the palate, suitable to their mode of breathing by deglutition. 
It may be inferred, tlierefore, that the apparatus for breathing 
by inspiration must have been present in the Labi/rintlwdon^ 
and that the skeleton will be found to be provided with well- 
developed costal ribs. 

Of the few bones of the extremities which have come under 
the writer's inspection, one presents all the characteristics of 
the corresponding part of the humerus of a toad or fixjg, viz., 
the convex, somewhat transversely extended articular end, the 
internal longitudinal depression, and the well-developed del- 
toid ridge. In its structure, as well as in its general form, the 
present bone agrees with the batrachian, and differs from the 
crocodilian type. The two toe-bones, or terminal phalanges, 
resemble those of Batrachians in presenting no trace of a nail, 
and from their size they may be referred to the hind feet of 
the L. pdchygnathVrS, 

In the right ilium, about six inches in length, and in the 
acetabulum, there is a combination of crocodilian and batra- 
chian characters. The acetabular cavity is bounded on its 
upper part by a produced and sharp ridge, as in the frog, and 
not emarginate at its anterior pai-t, as in the crocodile. 

As the fragment of the ilium was discovered in the same 
block as the two fragments of the cranium and the portion of 
the lower jaws, it is probable that they may have belonged to 
the same animal ; and if so, as the portions of the head corres- 
pond in size with those of the head of a crocodile six or seven 
feet in length, but the acetabular cavity with that of a crocodile 
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twenty-five feet in length, then the hinder extremities of the 
Labyrinthodon must have been of disproportionate magnitude 
compared with those of existing Saurians, but of approximate 
magnitude with some of the living anourous Batrachians. 
That such a i-eptile, of a size equal to that of the species 
whose remains have just been described, existed at the period 
of the formation of the new red sandstone, is indicated by 
those singular impressions to which the term Cheirotherinm 
has been applied. 

Lahyrinthodon (Rhombopholis) smtulatvs. — The remains to 
which this designation is applied compose a closely and 
irregularly aggregated group of bones imbedded in sandstone, 
^ ^ ^ ^ and manifestly belonging 

to the same skeleton ; they 
consist of four vertebrae, 
portions of ribs, a humerus, 
^''^* ^^- a femur, two tibiae, one end 

RhomhopMisBcuiulaius{Tn^). ^^ ^ ^^^^ ^^ ^^^ ^^ 

several small osseous externally sculptured, rhomboid dermal 
scutes (fig. 88, 3). They were discovered in the new red sand- 
stone at Leamington in 1840.* 

The vertebrae (fig. 88, i, ») present biconcave articular sur- 
faces as in other Labyrinthodonts. In two of them the 
surfaces slope in a parallel direction obliquely from the axis 
of the vertebrae, as in the dorsal vertebrae of the fixjg, indi- 
cating a habitual inflexion of the spine, analogous to that in 
the humped back of the frog. The neurapophyses are anchy- 
losed to the vertebral body. The spinous process rises fix)m 
the whole length of the middle line of the neurapophysial 
arch, and expands at its elongated summit into a horizontally- 
flattened plate, sculptured irregularly on the upper surface. 
A similar flattening of the summit of the elongated spine is 

♦ Trans. (ie<>l. Soc, vol. vi., pi. 40. The term Anitoptts there proposed had 
been pre-engage^l bv Mcigcn for a genus of insoctn. 
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exhibited in the large atlas of the toad. The body of the 
vertebra agrees with that of the L, leptognathvs. The humerus 
is regularly convex at the proximal extremity. A portion 
of a somewhat shorter and flatter bone is bent at a subacute 
angle with the distal extremity, and resembles most nearly 
the anchylosed mdius and ulna of the Batrachia. 

The femur has a subtrihedral and slightly bent shaft, its 
walls are thin and compact, including a large medullary 
cavity. The tibiae exhibit that remarkable compression of 
their distal portion which characterizes the corresponding 
bone in the Batrachia ; they likewise have the longitudinal 
impression along the middle of the flattened surface. The 
characters of the above-defined Labyrinthodont appear to be of 
subgeneric value, which is indicated by the term Rhombopholis. 
Corresponding differences in the forms and proportions of the 
skull, and in the form and relative position of the orbits, of 
specimens that have been discovered subsequently in the 
triassic sandstones of Germany, have been similarly interpreted. 

In the Labyrinthodon {Mastodonsaums) Jaegeri — the 
largest of the species. The skull, discovered in the lower 
Keuper of Wurtemberg, is triangular, the two condyles pro- 
jecting from the middle of the base ; the sides are straight, 
and converge to the obtuse apex. The orbits are oval, 
narrowest anteriorly, and are situated nearly midway between 
the fore and back part of the skull. The nostrils are very 
small, and are as wide apart as the orbits. 

Lahyrinthodon (Trematosaums) Braunii, Von Meyer. — 
The genus was founded on a skull discovered in the bunter- 
sandstein of Bembourg. It is about one foot long, and, rela- 
tively to its basal breadth, longer and narrower than in L. 
Jaegeriy the sides converging at a more acute angle. The 
orbits are elliptical, situated in the middle of the skull, and 
wider apart than in L. Jaegm ; the nostrils are relatively 
nearer together than in that species. There are a pair of pre- 
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maxillo-palatine foramina as in the frog and toad : behind 
these are the inner apertures of the nostrils ; and then follow 
a pair of unusually large pterygo-palatal vacuities. 

Labyrinthodon {Metopias*) diagnosticuSy H. von M. — In 
this species the skull is broader in proportion to its length 
than in the foregoing ; the sides are convex as they converge 
to the obtuse muzzle. The orbits are small, of a wide ellip- 
tical form, situated in the anterior third of the skull ; they 
are twice as wide apaii; as are the nostrils. The parietal 
fornmen is near the occipital ridge. The remains of this 
species are from the upper beds of the keuper sandstone in 
Wurtemberg. 

The Lahyrintlwdon {Capitosaurus) arenacetis, Mlinster, is 
distinguished by a broader and almost truncate muzzle. The 
orbits are elliptic, and situated almost wholly in the hinder 
third of the cranium; their interspace is the same as that 
between the nostrils, which are relatively as large as in Z. 
Braunii, The premaxiUo-palatine foramina are blended into 
one transversely oval foramen. 

The name Zygosaurus was applied by Eichwald to a laby- 
rinthodont reptile from the Permian cupriferous beds at Oren- 
burg. It has the parabolic skull of L, Jaegeri and L. diag- 
nosticus ; the orbits are large, and divided by an interval less 
than their own diameter. The temporal fossae are relatively 
larger, and bounded by stronger zygomatic arches, and seem 
not to have been roofed over by bone. The dentition is 
strictly labyrinthodont 

The Labyrinthodon Bucklandi, Lloyd, is from a sandstone, 
near Kenil worth, regarded by Professor Eamsay as of Permian 
antiquity. 

Odmiosaurus Volizii is a genus and species founded by 
von Meyer on a portion of a lower jaw, containing fifty teeth 
lodged in rather a deep groove, but apparently presenting the 

* This generic term has been applied to another fosKil hy Eichwald. 
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labyrinthic structure. The specimen is from the hunter sand- 
stone of Soultz-les-Eains. 

Xestorrhytias Pcn-ini, — By this name M. von Meyer would 
indicate certain flat cranial bones, sculptured like those of 
LabyrinthodoTiy but with a peculiarly polished ganoid-like sur- 
face, from the muschelkalk of Lun^ville. 

In all the foregoing forms of Labyrinthodonts, represented 
by complete crania, with the exception perhaps of Zygosaurus^ 
the supplemental osseous plates roofing over the temporal 
fossae are present, as in Archegosawrus, viz., the " post-orbital'' 
and the "super-squamosal" bones. The occipital condyles 
are distinct, forming a pair ; and the vomer is divided and 
usually bears teeth. The pattern of the sculpturing, although 
pitted near the centre of ossification of the cranial bone, 
soon becomes reticulate and then radiate. The upper surface 
of the skull is also impressed by wavy (mucous?) canals, 
symmetrically disposed. 

The relation of these remarkable reptiles to the saurian 
order has been advocated to be one of close and true afl&nity, 
chiefly on the character of the extent of ossification of the 
skull, and of the outward sculpturing of the cranial bones. 
But the true nature of some of these bones appears to have 
been overlooked, and the glance of research for analogous 
structures has been too exclusively upward. If directed 
downward from the Labyrinthodonts to the Archegosauri and 
certain ganoid fishes, it suggests other conclusions. 

The conformity of pattern in the dermal, semidermal, 
or neurodermal bones of the outwardly well-ossified skull 
of PolyjpteruSy LepidosteuSy SturiOy and other ganoid fishes, 
with weU-developed lung-like air-bladders, and in the same 
skuU-bones of Archegosmcrus and the Labyrinthodonts; the 
persistence of the notochord in ArchegomuruSy as in Sturio ; 
the persistence of the notochord and branchial arches 
in Archcgosauru.% as in Leindosiren ; the absence of ocoi- 
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pital condyle or condyles in ArchegosauruSj as in Lepido- 
dren; the presence of labyrinthic teeth in ArcJiegosaurus, 
as in Lepidosteus and Lahyrirdliodon ; the lai'ge median 
and lateral throat-plates in ArchegosauruSy as in Megalichthys 
and in the modem Arapaima and Lepidosteus ; — all these 
characters point to a gi-eat natural group or series, shewing 
the gradations of development which link and blend together 
fishes and reptiles within the limits of such group. The sala- 
mandroid (or so-called ** sauroid'^ Granoids — Lepidosteus and 
Polypterus — are the most ichthyoid, the true Labyrinthodonts 
are the most sauroid of the group. The Lepidosiren and 
Archegosaurus are intermediate gradations, one having more 
of the piscine, the other more of the reptilian, characters. 
The Archegosaurus conducts the march of development from 
the ganoid fishes to the labyrinthodont type, the Lepidosiren 
to the perennibranchiate type. Both illustrate the artificiality 
of the supposed class-distinction between fishes and reptiles, 
and the xmity of the " Hsematocrya,'* or cold-blooded Verte- 
brata, as a natural group. There is nothing in the known 
structure of the so-named Archegosaurus or Mastodonsaurus 
that truly indicates a belonging to the saurian or crocodilian 
order of reptiles. The exterior ossifications of the skull and 
the canine-shaped labyrinthic teeth are both examples of the 
salamandroid modification of the ganoid type of fishes. The 
Oanocephala and LahyrinthodorUia characterize the transitional 
period between the paljco- and mezo-zoic epochs. 

Order 3. — Ichthyopterygia.* 
The bones of the head still include the supplementary "post- 
orbitals*^ and " supra-temporals," and there is a "fora- 
men parietale f but there are small temporal and other 
vacuities between the cranial bones, a single convex 
occipital condyle, and one vomer which is edentulous. 

* i;t^*'f» «^'*/ «'«'«f«^» a fin. 
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Vertebral centra, ossified, biconcave ; joined by syndes- 
mosis, not by suture, to their neural arch. Pleura- 
pophyses of the trunk long and bent, the anterior ones 
with bifurcate heads. Teeth with converging folds of 
cement at their base ; implanted in a common alveolar 
groove, and confined to the maxillary, premaxillaiy, 
and premandibular bones. Premaxillaries much exceed- 
ing the maxillaries in size. Orbit very large ; a circle 
of sclerotic plates. Nostrils near the orbits. limbs 
natatory ; with more than five multi-articulate digits. 
An episteiiium and clavicles. No sacrum. 

With the retention of characters which indicate, as in the 
preceding orders, an aflBnity to the higher Ganoidei, the pre- 
sent exclusively marine Eeptilia more directly exemplify 
the Ichthyic type in the proportions of the premaxillary and 
maxillary bones ; in the shortness (fig. 92, c) and great number 
of the biconcave vertebrae ; in the length of the pleurapophyses 
of the vertebrae near the head ; in the large proportional size 
of the eyebJall with its well-ossified sclerotic coat ; and especi- 
ally in the structure of the pectoral and ventral fins. 

It has been usual to unite the present with the following 
order in the same group, called Enaliosauria or sea-lizards. 
Both were adapted for marine life, but breathed the air like 
the Cdacea : they were, however, *' cold-blooded," or of a low 
temperature, like crecodiles and other reptiles. The proof 
that the Enaliosaurs respired atmospheric air immediately, 
and did not breathe water by means of gills like fishes, is 
afforded by the absence of the bony framework of the gill- 
apparatus, by the presence, position, and structure of the 
air-passages leading from the nostrils to the mouth, and 
by the bony mechanism of the capacious chest or thoracic- 
abdominal cavity ; all of which characters have been demon- 
stmted by theii' fossil skeletons. With these characters the 
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sea-lizards combined the presence of two pairs of limbs shaped 
liked fins, and adapted for swimming. The thoracic-abdominal 
cavity being encompassed by movable ribs, distinguishes 
them from the Batrachia and Chelonia with fin-shaped limbs. 

The EncUiosauria, being associated chiefly by the loco- 
motive organs relating to the medium of life, admit of sub- 
division into two orders by the modifications of those organs. 
One is characterized by having five digits in the fin, the other 
by having more than that typical number. The pentadactyle 
division may be subdivided into those in which the ilio-pubic 
arch is attached to a sacrum and those on which it is freely 
suspended or not so attached. The polydactyle division pre- 
sents a general type of structure more conformable with that 
of which the Archegosaurs and Labyrinthodonts manifest two 
phases of development, and in which the ascent fix)m the 
gano-salamandroid fishes reaches its culminating point in 
Ic/UhyasaurtLS. 

Gernis Ichthyosaurus. — The name (from the Greek ickthySy 
a fish, and muroSy a lizard) was devised to indicate the closer 
aflinity of the Ichthyosaur, as compared with the Plesiosaur, to 
the class of fishes. The Ichthyosaur (fig. 89) is remarkable for 
the shortness of the neck and the equality of the width of the 
back of the head with the front of the chest, impressing 
the observer of the fossU skeleton with a conviction that the 
ancient animal must have resembled the whale tribe and the 
fishes, in the absence of any intervening constriction or neck. 

This close approximation in the Ichthyosaurs to the form of 
the most strictly aquatic vertebrate animals of the existing 
creation, is accompanied by an unusual number and shortness 
of the vertebrae, as in sharks ; and by a similar modification 
of the surfaces forming the joints of the back-bone, each of 
which surfaces are hollow, leading to the inference that they 
were originally connected together by an elastic bag or " cap- 
sule" filled with fluid — a structure which prevails in the class 
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of fishes, in the Labyrinthodonts, and in the existing perenni- 
branchiate Batrachia, but not in 
any of the whale or porpoise 
tribe. 

With the above modifications 
of the head, trunk, and limbs in 
relation to swimming, the struc- 
ture of the tail corresponds. The 
bones of this part are more nu- 
merous than in the Plesiosaurs, 
and the entire tail is conse- 
quently longer ; but it does not 
shew any of those modifications 
that characterize the bony sup- 
port of the tail-fin in fishes. The 
caudal vertebne of the IcMhyo- 
saurm gradually decrease in size 
to the end of the tail, where they 
assume a compressed form, or are 
flattened from side to side, and 
thus the tail, instead of being 
short and broad as in fishes, is 
lengthened out as in crocodiles. 

The very frequent occurrence 
of a fracture of the tail, about 
one-fourth of the way from its 
extremity, in well preserved and 
entire fossil skeletons, is owing to 
that proportion of the end of the 
tail having supported a cutaneous 
and perishable caudal fin.* The 
only evidence which the fossil 

♦ Trans. Geol. Soc., 2d series, vol. v., 
p. 511. 
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skeleton of a whale would yield of the powerful hori- 
zontal tail-fin characteristic of the living animal, is the de- 
pressed or horizontally-flattened form of the bones supporting 
such fin. It is inferred, therefore, from the corresponding 
bones of the Ichthyosaurus being flattened in the vertical 
direction, or from side to side, that it possessed a t^u- 
mentary tail fin expanded in the vertical direction. The 
shape of a fin composed of such perishable material is of 
course conjectural, as is the outline in fig. 89. Thus, in the 
construction of the principal swimming organ of the Ichthyo- 
savrus we may trace, as in other parts of its structure, a combi- 
nation of manmialian (beast-like), saurian (lizard-like), and 
piscine (fish-like) peculiarities. In the great length and gradual 
diminution of the tail we perceive its saurian character ; in 
the tegumentary nature of the fin, unsustained by bony fin- 
rays, its aflfinity to the same part in the mammalian whales 
and porpoises is shewn ; whilst its vertical position makes it 
closely resemble the tail-fin of the fish. 

The horizontality of the tail-fin of the whale tribe is 
essentially connected with their necessities as warm-blooded 
animals, air-breathers needing ready access to atmospheric 
air; without the means of displacing a mass of water in 
the vertical direction by the tail, the head of the whale 
could not be brought with the required rapidity to the sur- 
face to respire : but the Ichthyosaurs, not being warm- 
blooded or quick breathers, would not need to bring their 
head to the surface so frequently or so rapidly as the 
whale ; and moreover, a compensation for the want of hori- 
zontality of their tail-fin was provided by the addition of a 
pair of hind paddles, which are not present in the whale tribe. 
The vertical fin was a more efficient organ in the rapid cleav- 
ing of the liquid element, when the Ichthyosaurs were in pur- 
suit of their prey, or escaping fix)m an enemy. 

The general form of the cranium of the Ichthyosaurus 
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resembles that of the ordinary cetaceous dolphin {Ddphinus 
tarm) ; but the /. tennirostris rivals the Delphimcs gangeticus 
in the length and slendemess of the jaws. The essential 
difference in the sea-reptile lies in the restricted size of the 
cerebral cavity, and the vast depth and breadth of the zygo- 
matic arches, to which the seeming expanse of the cranium is 
due ; still more in the persistent individuality of the elements 
of those cranial bones which have been blended into such 
single bones in the sea-mammal. The Ichthi/osmitnis further 
differs in the great size of the premaxillary and small size of the 
maxillary bones, in the lateral aspects and antorbital position 
of the nostrils, in the immense size of the orbits, and in the 
large and numerous sclerotic plates, which latter structures give 
to the skull of the Ichthyosaurus its most striking features. 

The true aflSnities of the Ichthyosaur are, however, to be 
elucidated by a deeper and more detailed comparison of the 
structure of the skull ; and few collections now afford richer 
materials for pursuing and illustrating such comparisons than 
the palaeontological series in the British Museum.* The two 
supplemental bones of the skull, which have no homologues 
in existing Crocodilians, are the post-orbital and super-squa- 
mosal; both, however, are developed in Archegosav/rus and 
the Labyrinthodonts. The post-orbital is the homologue of 
the inferior division of the post-frontal in those Lacertians — 
^'9'y Iguana, Tegus, OphisauruSj Anguisy in which that bone is 
said to be divided ; but in Ichthyosaurus it more resembles a 
dismemberment of the malar. Its thin obtuse scale-like lower 
end overlaps and joins by a squamous suture the hind end of 
the malar : the post-orbital expands as it ascends to the middle 
of the back of the orbit^ then gradually contracts to a point as 
it curves upward and forward, articulating with the sujer-squa- 

* The anatomical reader is referred to the writer's "Report on British 
Fossil Reptiles," Trans. Brit. Assoc. 1839, and to the Annals and Magazine of 
Natural History, ig^s, p. 388. 
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mosal and post-frontal. The super-sqnamosal may be in like 
manner regarded as a dismemberment of the squamosal ; were 
it confluent therewith, the resemblance which the bone would 
present to the zygomatic and squamosal parts of the mam- 
malian temporal bone would be very close ; only the squa- 
mosal part would be removed from the inner wall to the outer 
wall of the temporal fossa. The super-squamosal, in fact, occu- 
pies the position of the temporal fascia in Mammalia^ and 
should be regarded as a supplemental sclero-dermal plate, 
closing the vacuity between the upper and lower elements of 
the zygomatic arch, peculiar to certain air-breathing Ovipara. 
In the Ichthyosaurus it is a broad, thin, flat, irregular-shaped 
plate, smooth and slightly convex externally, and wedged into 
the interspaces between the post-frontal, post-orbital, squa- 
mosal, tympanic, and mastoid. 

The pi-incipal vacuities or apertures in the bony walls of 
the skull of the Ickthyosawnis are the following: — In the 
posterior region the *' foramen magnum,** the occipito-parietal 
vacuities, and the auditory passages; on the upper surface 
the parietal foramen and the temporal fossae ; on the lateral 
surfaces the orbits and nostrils, the plane of the aperture in 
both being veitical; on the inferior surface the palato-nasal, 
the pterygo-sphenoid, and the pterygo-malar vacuities. The 
occipito-parietal vacuities are larger than in Crocodilia, smaller 
than in LacertUia; they are bounded internally by the basi- 
ex-, and super-occipitals, externally by the parietal and mastoid. 
The auditory apertures are bounded by the tympanic and 
squamosal. The tympanic takes a greater share in the forma- 
tion of the *' meatus auditorius" in many lizards ; in crocodiles 
it is restricted to that which it takes in Ichthyosaurus. 

The orbit is remarkable for its large proportional size and 
its posterior position ; in the former character it resembles 
that in the lizards, in the latter that in the crocodiles. It is 
formed by the pre- and post-frontals above, by the lachrymal 
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in fronts by the post-orbital behind, and by the peculiarly long 
and slender malar bar below. In crocodiles and in most lizards 
the frontal enters into the formation of the orbits, and in lizards 
the maxillary also. The nostril is a longish triangular aper- 
ture, with the narrow base behind ; it is bounded by the 
lachrymal, nasal, maxillary, and pre-maxillary bones. It is 
proportionally larger than in the PlesiosauniSy and is distant 
from the orbit about half its own long diameter. Like the 
orbit^ the plane of its outlet is vertical. 

The pterygo-palatine vacuities are very long and narrow, 
bitmdest behind, where they are bounded, as in lizards, by the 
anterior concavities of the basi-sphenoid, and gradually narrow- 
ing to a point close to the palatine nostrils. These are smaller 
than in most lizards, and are circumscribed by the palatines, 
ecto-pterygoid, maxillary, and premaxillary. The pterygo- 
malar fissures are the lower outlets of the temporal fossae; 
their sudden posterior breadth, due to the emargination of the 
pterygoid, relates to the passage of the muscles for attachment 
to the lower jaw. The parietal foramen is bounded by both 
parietals and frontals ; its presence is a mark of labyrinthodont 
and lacertian affinities ; its formation is like that in Iguana 
and Bhynchocephalus, The temporal fossae are boimded above 
by the parietal internally, by the mastoid and post-frontal 
externally; they are of an oval form, with the great end 
forward. In their relative size and backward position they 
are more crocodilian than lacertian. 

In comparing the jaws of the Ichthyosaurus tenuirostris 
with those of the gangetic Gharrial, an equal degree of strength 
and of alveolar border for teeth result from two very different 
proportions in which the maxillary and premaxillary bones 
are combined together to form the upper jaw. The prolonga- 
tion of the snout has evidently no relation to this difference; 
and we are accordingly led to look for some other explanation 
of the disproportionate development of the premaxillaries in 

Q 
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the Ichthyosaurus. It appears to me to give additional proof 
of the collective tendency of the aflSnities of the Ichihyosauru^ 
to the labyrinthodont and lacertian types of structure. The 
backward or antorbital position of the nostrils, like that in 
whales, is related to their marine existence. But in the Laby- 
linthodonts and Lacertians, the nostrils being nearer the fore 
part of the head, their anterior boundaries are formed by tlie 
premaxillaries ; it appears, therefore, to be in conformity with 
the above-mentioned affinities, that the premaxillaries of the 
Ichthyosaur should still enter into the same relation with the 
nostrils, although this involves an extent of anterior develoj)- 
ment proportionate to the length of the jaws, the forward pro- 
duction of which sliarp-toothed instruments fitted them, as in 
the modem dolphins, for the prehension of agile fishes. 

That the Ichthyosaurs occasionally sought the shore, 
crawled on the strand, and basked in the simshine, may be 
inferred from the bony structure connected with their fore 
fins, which does not exist in any porpoise, dolphin, gi*ampus, or 
whale ; and for want of which, chiefly, those warm-blooded, 
aiivbreathing, marine animals are so helpless when left high 
and dry on the sands. The structure in question in the 
Ichthyosaur is a strong osseous arch, inverted and spanning 
across beneath the chest from one shoulder-joint to the other; 
and what is most remarkable in the structure of this ** scapular" 
arch is, that it closely resembles, in the number, sliape, and 
disposition of its bones, the same part in the singular aquatic 
mammalian quadruped of Australia, called OmithorynchuSy and 
Platypusy or duck-mole. The Ichthyosaur, when so visiting 
the shore either tor sleep or procreation, would lie or crawl 
l)rostrate, with its belly resting or dragging on the ground. 

The most extraordinary feature of the head was the enor- 
mous magnitude of the eye : and from the quantity of light 
admitted by the expanded pupil, it must have possessed great 
powers of vision, especially in the dusk. It is not uncommon 
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to find in front of the orbit in fossil skulls, a circular series of 
petrified thin bony plates, ranged round a central aperture, 
where the pupil of the eye was placed. The eyes of many 
fishes are defended by a bony covering consisting of two 
pieces ; but a compound circle of overlapping plates is now 
foimd only in the eyes of turtles, tortoises, lizards, and birds. 
This curious apparatus of bony plates would aid in protecting 
the eye-ball from the waves of the sea when the Ickthyosaurus 
rose to the surface, and from the pressure of the dense element 
when it dived to great depths; and they shew, writes Dr. 
Buckland,* " that the enormous eye of which they formed the 
fix)nt> was an optical instrument of varied and prodigious power, 
enabling the IcJUhyosaurtis to descry its prey at great or little dis- 
tances, in the obscurity of night, and in the depths of the sea.* 

In the IcMhyosaurus communis there are seventeen sclerotic 
plates forming the fore part of the eyeball. In a well-pre- 
served example in the British Museum, the pupillary or cor- 
neal vacuity, as bounded by those plates, is of a fuU oval 
form, 1} inch in long diameter, the length of the plates (or 
breadth of the frame) being from 8 to 10 lines. In the same 
skull the long diameter of the orbit is 4 inches. The deep 
position of the sclerotic circle in this cavity shewed how they 
had sunk, by pressure of the external mud, as the eyeball 
became collapsed by escape of the humours in decomposition. 

Of no extinct species are the materials for a complete and 
exact restoration more abundant and satisfactory than of the 
Ickthyoaaurus ; they plainly shew that its general external 
figure must have been that of a huge predatory abdominal fish, 
with a longer tail and a smaller tail fin ; scaleless, moreover, 
and covered by a smooth or finely wrinkled skin, analogous 
to that of the whale tribe, t 

* Bridgetoater Treatise, Ed. 1858, vol. i., p. 171. 

t Trans. Oeol. 8oe., 2d Ser., vol. v. The specimen there described shews 
the shape of the fin as in the living animal. 
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The mouth was wide, and the jaws long, and armed with 
numerous pointed teeth, indicative of a predatory and carni- 
vorous nature in all the species ; but these differed from one 
another in regard to the relative strength of the jaws, and the 
relative size and length of the teeth. 

Masses of masticated bones and scales of extinct fishes, 
that lived in the same seas and at the same period as the 
IcfUhyomunts, have been found under the ribs of fossil speci- 
mens, in the situation where the stomach of the animal was 
placed ; smaller, harder, and more digested masses, containing 
also fish-bones and scales, have been found, bearing the impres- 
sion of the structure of the internal surface of the intestine of 
the great predatory sea-lizard. One of these ** coprolites" is 
figured beneath the skeleton in fig. 89. 

In tracing the evidence of creative power from the earlier 
to the later formations of the earth's crust, remains of the 
IcfUhyomurtLS are first found in the lower lias, and occur more 
or less abundantly through all the superincumbent marine 
strata, up to, and inclusive of, the chalk formations. They are 
most numerous in the lias and oolites, and the laigest and 
most characteristic species have been foimd in these forma- 
tions. More than thirty species of Ichthyosaurus are known 
to the writer, many of which have been described or defined. 

"Whenever the antecedent forms of an extinct genus of any 
class are known, the characters of such genus should be com- 
pared with those of its predecessors in such class, rather than 
with its successors or with existing forms, in order to gain an 
insight into its true affinities. 

We derive a truer conception of the affinities of the Ichr 
thyosaurus by comparison with the triassic Labyrinthodonts, 
as we do of the Plesiosaunis by comparison- with the muschel- 
kalk Sauropterygians, than of either by comparison with 
modem Lacertians and Crocodilians. It is commonly said that 
the Ickthyo- or the Plesio-sav/rus resembles the lizards more. 
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or the crocodiles less, in such and such characters. The truer 
expression would be that the lizards, which are the predomi- 
nating form of Saurians at the present day, have retained more 
of the osteological type of the triassic and oolitic reptiles, and 
that the crocodiles have deviated further from them, or exhibit 
a more modified or specialized structure. The backward posi- 
tion of the external nostrils, the small size and position of the 
palato-pterygoid foramina, are marks of aflfinity to Plesiosaurus, 
in common with which genus the cranial structure of the 
Ichthyosaurus exhibits a majority of lacertian characters. 

Order 4. — Sauropterygia.* 

No post-orbital and supra-temporal bones : large temporal 
and other vacuities between certain cranial bones; a 
foramen parietale ; two antorbital nostrils ; teeth simple, 
in distinct sockets of the premaxillary, maxillary, and 
premandibular bones, rarely on tlie palatine or pterygoid 
bones ; maxillaiies larger than premaxillaries. Limbs 
natatory ; . not more than five digits. An episternum 
and clavicles. A sacrum of one or two vertebrae for the 
attachment of the pelvic arch in some, numerous 
cervical vertebrae in most. Pleurapophyses with simple 
heads ; those of the trunk long and bent. 

Oenus NoTHOSAURUS, Munster. 

Sp. Nothosaurus mirabilis, Munster. In fig. 90 is given 
an analysis of the chief characters as yet ascertained of the 
species which may be regarded as the type of its genus ; by 
comparing this diagram with that of the Ardiegosaurus (fig. 
84), the advance in the organization of the aquatic reptiles 
will be readily traced and understood. 

The skull is no longer defended by a continuous covering 

* TLmi^tf a lizard; vri^v^, a fin. 
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of sculptured plate-bones ; the 
vacuities behind the orbits for 
the temporal muscles are large 
and widely open. These vacui- 
ties are fenced externally by 
two long and slender horizontal 
bony bars ; the upper one is 
formed by the mastoid (fig. 90, 
8), and the post-frontal (n); 
the lower one by the malar (26), 
and squamosal (17) ; the latter 
answering to the true zj^gomatic 
arch in Mammals. The squa- 
mosal abuts by its hinder ex- 

^ panded end against the almost 

•i vertical tympanic pedicle (28), 
g ^ which gives attachment to the 
# I lower jaw. This shews the 

^ reptilian compoimd structure ; 

il 19 marks the surangular, 30 
the angular, 31 the dentary ele- 
ment In the side-view of the 
skull, 22 is the premaxillaiy, 21 
the maxillary, 15 the nasal — the 
cavity below being the nostril, 

10 is the prefrontal — between 
which and 21 is the lachrymal, 

11 is the frontal above the orbit 
The premaxillary teeth and cor- 
responding premandibular ones 
are unusually long, strong, and 
sharp; there are two similar 
teeth in each maxiUary ; the re- 
maining serial teeth are smaller. 
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but equally acute. In all the crown presents a body of hard 
dentine, with a thin coat of enamel, as in the section above 
the skulL There are no teeth on the extensive bony palate ; 
and this shews no other apertures except the internal nostrils. 

The almost entire and undisturbed vertebral column, from 
the muschelkalk of Bayreuth, figured by Von Meyer in pL 23 
of his great work on muschelkalk Saurians, and attributed 
to Nothosaunis mirabiliSj gives the earliest indication of that 
modification of the trunk-bones which reaches its maximum 
in the Plesiosaunis (fig. 93), in which it was first detected by 
the sagacity of Conybeare.* 

Twenty of the anterior vertebra* of this series, in Nofho- 
mums, which begins with the atlas, have the whole or part of 
the rib-pit situated on the centrum as in the first vertebra in 
fig. 90 ; the pit is wholly there on fourteen vertebrae ; it begins 
to ascend upon the neural arch in the fifteenth, as in the second 
vertebra, given in fig. 90, and is wholly placed there on the 
twenty-first vertebra. 

According, therefore, to the characters proposed f to dis- 
tinguish the cervical from the dorsal vertebra, Nofhosaunf^ 
has twenty of the former. In the specimen referred to, 
nineteen consecutive vertebrae shew the rib-pit supported 
wholly on an outstanding diapophysis from the neural arch, 
as in the third vertebwe in fig. 90 ; these are to be reckoned 
therefore as dorsal vertebrae. In the cervical vertebrae the 
rib-pit is large, vertically reniform, not divided by a groove; 
its circumference slightly projects in Nothosaunis. There is 
no clear evidence of any of the cervical ribs being termi- 
nally expanded and hatchet-shaped, as in Plesiosawrus ; those 
of the back, ply are vertically longer than in Plesiosawrus^ 
and more convex. 

In the sacral vertebrae, fourth in fig. 90, the rib-pits again 

* Trans. Gcol. Soc, vol. vi., 1822, and vol. i.. 2a series, p. 381, 1824. 
t Brit. AR9ociation, Report on British Fossil KeptileM, 1839, pp. ^\ r>8. 
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begin to sink upon the centrum. There are two distinct sacral 
vertebrae in Nothosaurus. They are known by their long, 
straight^ terminally-bent, and convergent pleurapophyses, the 
first of which overlaps a little the second. To the convergent 
ends of these riblets, the ilium (fig. 90, 62, pt) was doubtless 
ligamentously aflBxed. In the first caudal vertebra the par- and 
di-apophyses stand out much farther than in the sacrum ; but 
rapidly shorten in the second and third caudals. The com- 
pound process in each supports a short stiliform straight riblet^ 
as in the fifth vertebra of figure 90 ; the anterior and suc- 
ceeding caudals support hsemal arches and spines, after the 
disappearance of the pleurapophyses. The haemal arch dis- 
appears in about the eighth vertebra from the end, and finally 
the neural arch. The terminal centrums are subelongate and 
subcompressed. All the centrums have nearly flat articular 
ends. Both Nothosawrvs and Pistosaunts had abdominal ribs, 
of which the median piece (fig. 90, Jis) was sub-sjonmetrical, 
the two rays diverging at a very open angle, and terminating 
in a point or a fork ; the side-pieces (p) seem not to have 
been so numerous as in Plmosaurus, 

The scapula (fig. 90, sO ^ ^ short and strong bone, its 
blade appearing as a short and nanx)w sub-compressed process 
extending from the subquadrate, thick and expanded end, 
which affords the articular surfaces for the coracoid, clavicle 
and humerus. 

The clavicle, which is an exogenous process in Plesiasaurus, 
is here united by a strong oblique suture to the scapula. It 
expands into, or sends off from its outer part, a broad, flat> 
obtuse process, near the suture ; then contracts and bends 
inwards to the epistemum, to which it is articulated also by 
suture. 

The coracoid (fig. 90, s*) sends forward a broad and short 
flattened process, separated by a narrow notch from the scapular 
part of its head ; it then contracts and soon expands into a 
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broad, flat> sub-triangular plate, the broad and straight border 
of which articulates with that of the opposite coracoid. A 
wide unossified interval separates the coracoid from the epi- 
stemum. The ossification of the coracoid in the direction of 
this interval gives the peculiar longitudinal or fore-and-aft 
extent to those bones in the Plesiosaur, in which they unite 
with the epistemum. 

The pelvic arch presents a closer correspondence with that 
in the Plesiosaurus (fig. 93). The ischium (fig. 90, 63), contract- 
ing beyond its articular head, there expands into a flat sub- 
triangular plate. The pubis (tft., 64) is a subcircular flat bone, 
with a notch near the articular end. 

The bones of the limbs, although evidently those of fins or 
paddle-shaped extremities, are better developed than in Plesto^ 
sauruSy and more resemble the corresponding bones in the 
turtles (Chelones). The tuberosities or processes for muscular 
attachment near the head of the humerus (omitted in the 
diagram) are better marked, especially that on the concave 
side of the shaft ; the distal end is thicker and less expanded. 
The whole bone is more curved than in any Plesiosauri. The 
femur (fig. 90, 65) is relatively longer and less^ expanded at its 
distal end. The bones of the fore-arm, like those of the leg 
{lb. 66 and 67), are longer than in Plesiosaurus. The articular 
surfaces present the foramina with raised borders, which 
characterize those in Plesiosauriy and which indicate the fibro- 
cartilaginous nature of the joints. 

There is a ligamentous or unossified space at the back part 
of both carpus and tarsus (fig. 90, 68). At present there is 
evidence of but four digits in both the fore and hind paddles 
of Noihosaurus : the metapodial and phalangeal bones are of 
the elongate flattened simple form, characteristic of supports 
of a tegumentary fin. 

One species of Notfvosaurus {N. 8chimpei% Von. M.) is from 
the lower division of the trias, called *' grJs bigarr^," of Soulz- 
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les-6ains ; the Nothosaurus adunddenSy with a large canine- 
shaped recurved hisk in each premaxillaiy, is from the muschel- 
kalk of Crailsheim ; the other representatives of the genus (N, 
gigantefoSy N, venusttis^ N. Miinsteriy N, Andriani, N. angustv- 
fronsy and N, mirabilis)^ are from the muschelkalk of Bayreuth 
and Lun^ville. 

Gemis PiSTOSAURUS, Von Meyer. 

Sp. Pistomurus longcews. — In this genus the facial part of 
the skull contracts abruptly in front of the orbits ; so that, 
viewed from above, it resembles a long-necked bottle ; the 
orbits are situated in the posterior half of the skidl, and the 
nostrils are lateral. From the muschelkalk of Bayreuth. 

Oenvs CONCHIOSAURUS, Von Meyer. 

Sp. Canchiosaurus davcUvs. — ^The facial part of the skull is 
less prolonged than in Pistosaunis, and the nostrils are ter- 
mimaL The teeth are twelve in number on each side, are 
subequal, with a pyriform crown, and are placed at widish 
intervals. From the muschelkalk at Laineck, near Bayreuth. 

Genus Simosaurus,* Von Meyer. 

Sp. Simomwrus OaUlardoti, — ^The fossUs, chiefly cranial, 
on which this genus is founded, occur in the dolomitic muschel- 
kalk near Ludwigsberg, and in the muschelkalk of Lun^ville. 
The skull presents the large temporal fossae, the divided nos- 
trils, and the general depressed form and composition of that 
of Nothomunis and Pistosav/rvs. But its facial part is much 
shorter; the muzzle is neither prolonged nor terminally ex- 
panded, but forms the obtuse end of the short depressed face, 
of which the premaxillary part is the narrowest. The nostrils, 
consequently, although distant from the orbits by half the 
diameter of the latter, are yet nearer the fore-end of the skull 
than in the above-cited Sauropterygian genera. The nostrils 
are relatively nearer to each other, the intervening bony tract 
being due to the premaxiUaries, which, relatively to the breadth 
* Zi/K^f, tnyh-noied. 
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of thB skull, are much narrower in Simosaurus than in Notho- 
or Pisio-saurus, 

The profile of the skull rises from the intemasal to the 
interorbital regions much more than in the Nothosaur, and 
the depth of the skull behind the orbit is greater in propoi^ 
tion to its length. The post-frontals are most clearly produced 
backwards, along the upper border of the zygoma to the mas- 
toids. The malars are co-extended, and connected with the 
post-frontals, but terminate freely and obtusely a little beyond 
the co-prolonged hind part of the maxillary, without being 
met by or joining a squamosal 

Most complete and extensive is the ossification of the roof 
of the mouth in this genus. The pterygoids are expanded 
into one broad unbroken imperforate flat expanse of bone, 
from about one-third of the distance from the snout to the 
occipital condyle ; they are united by a median suture, and 
underlap the whole of the sphenoid. The teeth, compared 
with Nothosav/niSy are few and large, and are subequal, save 
one or two at the fore and hind extremity of the series. The 
crown expands a little above the fang, is conical, and im- 
pressed by a few coarse longitudinal ridges : some teeth are 
obtuse, others acute ; but all are shorter and thicker than in 
Ncihch or Pistosaurus. 

The vertebrae have flat or very slightly concave articular 
surfaces on the body ; the neural arch articulates therewith 
by suture. In these characters, and in their general propor- 
tions, they resemble those of Notho- and Plesio-eaurus, It is 
significant of some difierence in respect of the arrangement of 
the vertebrae in the same column, that although specimens 
from the tail, and from difiierent parts of the back, have been 
obtained, no cervical vertebra with any probability belonging 
to this genus has yet been foimd. The caudal centrum presents 
two well-defined, rather prominent^ hypapophyses -for the 
haemal arcL 
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The coracoid in the contraction of the body reminded Cuvier 
of that of the Ichthyosaurus, but its expanded median part was 
differently shaped. The pubis, like that of the Plesiosaurus, 
resembles to a certain degree the pubis in Chelonia. The few 
bones of the limbs which have been found still more resemble, 
as do those of Pistosaurus^ the corresponding bones of marine 
Chelonia. Accordingly, there have been entered in palseonto- 
logical catalogues an Ichihyosauints LuneMlensis (De la Beche), 
a Plesiosaurus LunevilUnsis (MiLnster), and a Chelonia Lunevil- 
lensis (Gray and Keferstein) ; but all these are parts of one and 
the same genus of Enaliosaurian, — ^the ** Saurien des environs 
de Lun^ville " of Cuvier, the *' Simosaurus " of H. von Meyer. 

Oentis Placodus. — ^The cranial structure in this genus of 
muschelkalk reptile is closely similar to that in Simosaurus, 
but its proportions are difTerent ; it is as broad as long ; the 
greatest breadth being behind, whence the sides converge to 
an obtuse muzzle ; the entire figure viewed from above being 
that of a right-angled triangle, with the comers rounded oflF. 
The temporal fossae are the widest, and zygomatic arches the 
strongest, in the BeptiUan class ; the lower jaw presents a 
concomitant development of the coronoid process (fig. 96, c, 
29). These developments, for great size and power of action 
of the biting and grinding muscles, relate to a most extra- 
ordinary form and size of the teeth, which resemble paving- 
stones, and were evidently adapted to crack and bruise shells 
and crusts of marine Invertebrata. 

The teeth of the upper jaw consists of an external or 
maxillary series, and an internal or palatal series. The 
maxillary series are supported in a marginal row of alveoli by 
the premaxillary (ib. 22) and maxillary {tb. 21) bones; the 
palatal series are implanted in the palatine and pterygoid 
bones. The maxillo-premaxillary teeth are five in number on 
each side, two {ib. a, J,) implanted in the premaxillary, and 
three (ib. e, d, «,) in the maxillary. The premaxillary teeth 
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are siibequal, smaller than the maxillary teeth ; their crowns 
are subhemispheric in P. laticepSy but in P. Andriani they 
present a bent, pointed, prehensile character. In P. laticeps 
the first maxillary tooth has a full oval crown, 4^ lines by 4 
in diameter ; the second measures 5i lines by 4^ lines in 
diameter ; the third is subcircular, 8 lines in diameter, on the 
right side. The palatal series begins on the inner side of this 
tooth, and consists of two teeth on each side. The first tooth 
(ib.f) has a full elliptical crown, 10 lines by 8 ; the second 




Fig. 91. 

A. Rhjnchosaurus articeps, Ow. ; IVicu, Shropshire. 

B. Chelone longpceps, Ow. ; Eocene^ Sheppey. 

C. Placodus laticeps, Ow. ; Triai, Bajreuth 

tooth (tb. g\ developed in the broad pterygoid bone, presents 
a full oval shape, 1 inch 9 lines by 1 inch 3 lines in diameter. 
In Placodus gigas and P. Andriani the palatal teeth, three in 
number on each side, are all of large size, slightly increasing 
from before backwards ; they are situated close together. 



238 PALAEONTOLOGY. 

forming on each side a series a little curved with the convexity 
outwards, and the interspace between the two series is very 
narrow. The maxillary teeth are much smaller than the pala- 
tal ones, have a rounded or subquadrate crown, are four in 
number, and of subequal dimensions. The premaxillary teeth, 
three in number on each side, are more remote and distinct 
from the maxillary teeth than in Placodus rosiratus and P, 
laticeps ; their crowns are more elongated and conical than in 
P. laticeps ; the prehensile power of the prolonged premax- 
illary pai-t of the jaw being obviously greater in Placodus gigas 
than in P. laticeps or P. rostraitis. The size of the last tooth 
in P. laticeps surpasses that of any of the teeth in the other 
species. In proportion to the entire skull, it is the largest 
grinding tooth in the animal kingdom, that in the elephant 
itself not excepted. 

All these teeth are implanted by short simple bases in 
distinct hollow sockets, subject to the same law of displace- 
ment and succession as in other reptiles. By some it may be 
deemed requisite to separate generically the Placodi with two 
teeth from those with three teeth in each palatal series ; but 
the Placodus rostratus offers a transitional condition in the 
small relative size of the first two palatal teeth, and in the 
rounded form of all the teeth, fix)m the P. Andriani to the 
P. laticeps. 

We cannot contemplate the extreme and peculiar modifi- 
cation of form of the teeth in the genus Placodus without a 
recognition of their adaptation to the pounding and crushing 
of hard substances, and a suspicion that the association of the 
fossils with sheU-clad Mollusks in such multitudes as to have 
suggested special denominations to the strata containing 
Placodus (e, ^., muschelkalk, terebratulitenkalk, etc.), is indi- 
cative of the class whence the Placodi derived their chief 
subsistence. 

No doubt the most numerous examples of similarly-shaped 
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teeth for a like purpose are afl'orded by tlie ela^ of tisho^ as, 
e. g^ by the extinct Pvcnodonts, and by the existing woll-lish 
{Anarrhichas lupus) and Cestracion. But the ivptiliau class 
is not without its instances at the present day of teetli 
shaped like paving-stones, of which certain Australian 
lizards exhibit this peculiarity in so nuirkeil a degree that 
the generic name Cyclodus has been invented to expn»ss it. 
Amongst extinct i-eptiles, also, a species of lizanl fi'oni tlu^ 
tertiary deposits of the Liniagne in France, presents ix)und 
obtuse teeth, of which the last, in the lower jaw, is suddenly 
and considerably lai^er tlian the rest 

NothosauTuSy SimosauruSy and Pistosaurus present the «uno 
evidences of lacertian affinities in the division of tlie nostrils 
by the median extension of the premaxillary backwards to 
the nasals, the same thecodont dentition, and the same circum- 
scription of the orbits and temporal fossie as in Plaaxhui : 
there is also a general family likeness in the upward asjHJct 
of these apertures, accompanying an extreme depression of the 
skulL The muzzle, though varying greatly in length in these 
genera, presents the same obtuseness ; and the alveolar border 
of the jaws the same smooth outvvaitl convexity which we 
observe in the Placodus, The peculiar confluence of the 
elements of the upper and lower zygomatic arches, — i. c, of 
post-frontal and malar, — fonning the broad wall of bone be- 
hind the orbit, is continued still farther backwards in the 
Simosaurus. In Pistosaurus the elongated post-frontal, malar, 
and squamosal ai-e imited together in one deep zygomatic 
arch, which has the mastoid and tympanic for its hinder 
abutment 

It is remarkable that hitherto no vertebne or other lx)nes 
of the trunk or Umbs have been found so associated with the 
teeth of PlacoduSj as to have suggested their lielonging to tlie 
same species. Usually, after the indication of a n^ptile by 
detache<l teetli, the next step in its n.»conHtniction is leased 
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upon detached vertebrae. The twelve or more evidences of 
PlacodttSy afforded by bone as well as tooth, are all portions of 
the skulL It is possible that some of the singularly modified 
vertebrae from the muschelkalk, next to be described, may 
belong to the Placodus ; and the same surmise suggests itself 
in reference to some of the limb-bones from the muschelkalk 
that cannot be assigned to other known saurian genera. 

The obvious adaptation of the dentition of Placodus to the 
crushing of very hard kinds of food, its close analogy to the 
dentition of certain fishes known to subsist by breaking the 
shells of whelks and other shell-clad Mollusks, and the cha- 
racteristic abundance of fossil shells in the strata to which the 
remains of Placodus are peculiar, concur in producing the 
belief that the species of this genus were reptiles frequenting 
the sea-shore, and probably good swimmers. But as at present 
we have got no further than the head and teeth in the recon- 
struction of tliis mezozoic form of moluscivorous reptile, the 
present notice will conclude with a remark suggested by the 
disposition and form of the teeth. In all the species, under 
the rather wide range of specific varieties of the dentition, 
there are two rows of the crushing teeth in the upper jaw, and 
only one row in the lower jaw, on each side of the mouth ; 
and the lower row plays upon both upper rows, with its 
strongest (middle) line of force directed against their inter- 
space. Thus the crushing force below presses upon a part 
between the two planes or points of resistance above, on the 
same principle on which we break a stick across the knee ; 
only here the fulcrum is at the intermediate point, the moving 
powers at the two parts grasped by the hands. It is obvious 
that a portion of shell pressed between two opposite flat sur- 
faces would resifit a stronger bite than if subjected to alternate 
points of pressure. 

0mU8 TANYSTROPHiEUS. 

Sp. Tanystroplutus conspicuusJUWovL Meyer. — Certain long. 
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slender, hollow bones (fig. 92, a), from the German muschel- 
kalk, were referred by Count Mlinster to the class Beptilia, 
under the name of MacroHcclosawrus^ under the impression 
that they were bones of the limbs. H. Von Meyer subse- 
quently, in moi^e perfect specimens, obser\'ing that each 
slightly expanded extremity of the long bone was terminated 
by a symmetrical oval concave articular surface, surmounted 
by a pair of symmetrical lateral incurved plates, resembling 
confluent neurapopliyses, with articular surfaces, and with 
their sometimes confluent bases arching over a neural canal 
(as in figure B, in cut 92), recognized their vertebral character ; 
and, adopting the detennination of their reptilian nature, but 




Fig. 92. 
A, B, Tanystrophcnu (Trias) ; c, IcJUhyosaurtts. 

repudiating the idea of their being limb-bones, he discarded 
Mlinster's name, and substituted for it that of Tanystroplicetcs* 
indicative of their peculiar proportions as vertebra:?. Although 
the articular ends are for the most part symmetrical, the long 
intervening body is not so. It is subcompressed, usuaDy 
broader and flatter below than above ; sometimes more flat- 
tened on one side than on the other, giving an irregular, ver- 
tically oval, or triangidar cross section. A low median ridge 
is not uncommon on the lower surface towards the ends of 
the vei-tebm ; and similar less regular ridges project from the 
sides of the otherwise smooth outer surface. The centrum is 
excavated by a canal, resembling a medullary one, but more 
])robably filled, in the recent state, as in the long caudal style 
of tlie frog, wdth unossified cartilage. The walls of this cavity 

* From r«»Mi>, to elongate^ *Tfi^«, verto. 
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are compact, and in thickness about one-sixth of the diameter 
of the bone. The terminal neural arches support each a low 
median ridge or rudimental spine, which soon subsides. The 
trace of neural canal in like manner disappears, or is continued 
by two distinct slender canals which traverse for a certain 
extent the substance of the thicker upper wall of the cavity 
of the vertebral body. A single large vascular canal opens on 
the wider surface midway between the two ends of the body. 
There is no trace of transverse processes, rib-surfaces, or 
hsemapophyses ; this, and the absence of the continuous 
neural canal, indicate these singular vertebrae to belong to 
the tail. From the long caudo-vertebral style of anourous 
Batrachia the vertebrae of Tanystrophceus differ in having dis- 
tinct articular surfaces at both ends. The difference of shape 
and size in the few that have been found also indicates that 
there were more than two such vertebrae in the tail of the ex- 
traordinary animal to which they have belonged. Caudal 
vertebrae of the normal proportions and structure, from 
muschelkalk of the same localities with Tanystrophceus have 
been referred to Nothosaurvs. It is possible, however, that 
one or other of the remarkable genera — Simosaurus, PlacoduSj 
e,g, — may have possessed the peculiar structure in the tail, 
or some part of it, which the tanystrophaean vertebrae indicate. 
The first four vertebrae of the neck or trunk of the Fistularia 
tabaccaria are those which most resemble in their proportions 
the vertebrae above described ; but none of the fistularian 
vertebrae have the articular concavity and the zygapophyses 
at both ends ; the first presents them at the fore end, and the 
last at the hind end, and the modifications of both these 
finished articular ends pretty closely correspond mth those of 
Tanystrophceus ; but the second and third vertebrae of Fistu- 
laria are united with the first and fourth by sutural surfaces 
with deeply-interlocking pointed processes. 
Gmiis Sphenosaurus. 
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Sp. Sphenasaunis Stembergii, Von. M. — Hie fossil vertebrae 
on which this genus is founded are imbedded in a sandstone, 
most like the bunter, from Bohemia or the south of Germany. 
Of the twenty-three vertebrae so preserved in nearly their 
natural position, and with their under surface exposed, five 
belong to the tail, the rest to the trunk. Of these, two are 
sacral, two lumbar, the rest are dorsal or thoracic, with long 
and slender ribs connected with them. The neural arch 
appears to have been suturally united to the centrum with 
large zygapophyses. The articular end of the centrum is 
vertical to its axis ; both are slightly concave. Between each 
centrum is a transversely oval, depressed ossicle, homologous 
with the cervical wedge-bones or hypapophyses in Enaliosaurs. 
This is the chief peculiarity in SphenosauruSy and recalls a 
character in the vertebral column of Archegosaurus. 

Genvs Plesiosaurus. — The discovery of this genus forms 
one of the most important additions that geology has made to 
comparative anatomy. Baron Cuvier deemed the structure of 
the Plesiosaur " to have been the most singular, and its cha- 
racters the most anomalous that had been discovered amid the 
ruins of a former world." *' To the head of a lizard it united 
the teeth of a crocodile, a neck of enormous length, resembling 
the body of a serpent, a trunk and tail having the proportions 
of an ordinary quadruped, the ribs of a chameleon, and the 
paddles of a whale " (fig. 93). " Such," writes Dr. Buckland, 
** are the strange combinations of form and structure in the 
Plesiosaurus, a genus, the remains of which, after interment 
for thousands of years amidst the wreck of millions of extinct 
inhabitants of the ancient earth, are at length recalled to light 
by the researches of the geologist, and submitted to our 
examination, in nearly as perfect a state as the bones of species 
that are now existing upon the eaith." 

The first remains of this animal were discovered in the 
lias of Lyme Eegis about the year 1822, and formed the subject 
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of tlie paper by the Eev. Mr. Conybeare (afterwards dean of 
Llandaff), aud Mr. (afterwards Sir Henry) De la Beche, in 
which the genus was established, and named Plesiosaurus 
(" approximate to the Saiirians "), from the Greek wotAh plesios 
and scmros, signifying ** near ^ or " allied to/' and " lizard," 
because the authors saw that it was more nearly allied to the 
lizard than was the Ichthyosaitrits from the same fonnation. 

The entire and undisturbed skeletons of several individuals, 
of different species, have since been discovered, fully confirm- 
ing the sagacious restorations by the original discoverers of 
the Plesiosaurus. 

Vertebral Colwnn. — The vertebral bodies have their ter- 
minal articular surfaces either flat or slightly concave, or with 
the middle of such cavity a little convex. In general the 
bodies present two pits and holes at their under part The 
cervical vertebrae consist of centrum, neural arch, and pleur- 
apophyses. The latter are wanting in the first vertebra ; but 
both this and the second have the hypapophyses. The cervical 
ribs are short, and expand at their free end, so as to have 
suggested the term " hatchet>-bones " to their first discoverers. 
They articulate by a simple head to a shallow pit, which is 
rarely supported on a process, from the side of the centrum ; 
but is commonly bisected by a longitudinal groove, a rudi- 
mental indication of the upper and lower processes which 
sustain the cervical ribs in Crocodilia. 

The body of the atlas articulates with a large hypapophysis 
below, with the neurapophysis above, with the body of the 
axis behind, and with part of the occipital condyle in front ; 
all the articulations save the last become, in Plesiosaurus 
pachyomusy and probably with age in other species, obliterated 
by anchylosis. The hypapophysis forms the lower two-thirds, 
the neurapophysis contributes the upper and lateral parts, and 
the centrum fonns the middle or bottom of the cup for the 
occipital condyle. The second hypapophysis becomes confluent 
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with the inferior interspace between the bodies of the atlas 
and axis. As the cer\4cal veii;ebrae approach the dorsal, the 
lower part of the coital pit becomes smaller, the upper part 
larger, until it forms the whole surface, gradually rising from 
the centrum to the neurapophysis (fig. 93). This takes place 
at the fortieth vertebra in the Plesiosaurns homalospondylus of 
the Whitby Lias, but, in most species, at about the thirtieth. 

The dorsal region is arbitrarily commenced by the vertebra 
in which the costal surface begins to be supported on a di- 
apophysis : this progressively increases in length in the 
second and third dorsal, continues as a transverae process to 
near the end of the trunk, and on the vertebra between the 
iliac bones it subsides to the level of the neurapophysis. In 
the caudal veitebra the costal surface gradually descends from 
the neurapophysis upon the side of the centrum ; it is never 
divided by the longitudinal groove which, in most Plcsiosauriy 
indents that surface in the cervical vertebrae. The neural 
arches are commonly unanchylosed with the centrum. The 
long and large spinous processes, in contact along the trunk 
and base of the neck,* must have restricted the bending 
movements to the lateral directions. The pleurapophyses 
gain in length, and lose in terminal breadth, in the hinder 
cervicals ; and become long and slender ribs in the dorsal 
region, curving outwards and downwards so as to encom- 
pass the upper two-thirds of the thoracic abdominal cavity. 
They decrease in length and curvature as they approach 
the tail, where they are reduced to short straight pieces, 
as in the neck, but are not terminally expanded ; they 
cease to be developed near the end of the tail. The ha^ma- 
pophyses in the abdominal region are subdivided, and with 
the hajmal spine or median piece, form a kind of " plastron " 
of transversely extended, slightly bent, median and lat<?ral, 
overlappin<T: bony l)are, occuj)ying the subabdominal .space 

* Sec tbc fine exanipk* of 7*/. homalosyomlyluf in iht* nritisith Mupeuni. 
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between the coracoids and pubicals. In the tail the haema- 
pophyses are short and straight, and remain un-nnited both 
with the centrum above, and with each other below. Tlie 
tail is much shorter in the Ptesto- than in the IclUhyo-saurus. 

The skull is subdepressed ; its length is rather more than 
thrice its breadth ; but the proportions somewhat vary in 
different species. The cranial part, or that behind the orbits, 
is q\iadrate ; thence it contracts laterally to near the maxillo- 
premaxillary suture, where it commonly expands a little 
before roimding into the obtuse anterior termination. 

The orbits are at or near the middle of the skull : estimat- 
ing the length of this by that of the lower jaw, they are in 
advance of the middle part in Plesiosaurus Hawkinsi'L No 
trace of sclerotic plates has yet been discerned in any specimen. 
The temporal fossse are large subquadrate apertures. The 
nostrils, which are a little in advance of the orbits, are scarcely 
larger than the parietal foramen. Beneath them, upon the 
palate, are two similar-sized apertures, the palatal nostrils. 

The lower jaw presents an angular, surangular, splenial, 
and dentary element, in each ramus ; the dentary elements 
being confluent at the expanded symphysis. There is no 
vacuity between the angular and surangular or any other 
element of the jaw. The coronoid process is developed, as in 
Placodes, from the surangular, but rises only a little higher 
than in crocodiles. The alveoli are distinct cavities, and there 
is a groove along their inner border in both jaws. 

When the successional teeth first project in that groove, 
they give the appearance of a double row of teeth. All the 
teeth are sharp-pointed, long, and slender, circular in cross 
section, with fine longitudinal ridges on the enamel ; the 
anterior teeth are the longest. 

The scapula is a strong triradiate bone, the longest ray 
being formed by the acromial or clavicular process, which 
arches forward and inward to abut against the sternum, or 
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pait answering to the episternum of lizards. The body of 
the bone is short and straight, 
somewhat flattened ; the thick 
articular end, which forms the 
shortest ray, is subequally di- 
vided by the articular surface 
for the coracoid, and that for the 
head of the humerus. 

The coracoids are remark- 
able for their excessive expan- 
sion in the direction of the axis 
of the trunk, extending from 
the abdominal ribs forward, so 
as to receive the episternum, 
which is wedged into their an- 
terior interspace. The median 
borders meet and unite for an 
extent determined by their de- 
gree of curvature or convexity, 
which is always slight. The 
coracoids unite anteriorly with 
the clavicles, as well as with 
the episternum ; laterally they 
articulate with the scapula, to 
form the glenoid cavity for the 
humerus. 

The episternum has the 
same general form as the me- 
dian pieces of the abdominal 
ribs, being, like those pieces, 
a modified haemal spine, only 
more advanced in position ; the 
lateral wings or prolongations 
are broader and flatter ; the 
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median process is short ; a longitudinal ridge projects from 
the middle of the internal surface. The humerus is a moder- 
ately thick and long bone, with a convex head, sub-cylindrical 
at its proximal end, becoming flattened and gradually ex- 
panded to its distal end, where it is divided into two indistinct 
surfaces for the radius and ulna. The shaft in most species 
is slightly curved backwards, or the hind border is concave, 
whilst the front one is straight. The radius and ulna are 
about half the length of the humerus ; the foiiner is straight, 
the latter cur\^ed or reniform, with the concavity towards the 
mdius ; both are flattened ; the mdius is a little contracted 
towards its carpal end, and in some species is longer than the 
idna. The carpus consists of a double row of flat, rounded 
discs, — the largest at the radial side of the wrist ; the ulnar 
or hinder side appearing to have contained more unossified 
matter. The metacarpals, five in number, are elongate, slen- 
der, slightly expanded at the two ends, flattened, and some- 
times a little bent. The phalanges of the five digits have a 
similar form, but are smaller, and progressively decrease in 
size ; the expansion of the two ends, which are truncate, makes 
the sides or margins concave. The first or fadial digit has 
generally three phalanges, the second from five to seven, the 
third eight or nine, the fourth eight, the fifth five or six 
phalanges. All are flattened ; the tenninal ones are nailless ; 
and the whole were obviously included, like the paddle of 
the porpoise and turtle, in a common sheath of integument 

The pelvic arch consists of a short but strong and straight 
ilium, of a broad and flat subquadrate pubis and of a triangular 
ischium, the fore-and-aft expanse of the last two bones nearly 
equals that of the coracoids. All concur in the formation of 
the hip-joint. The pelvic paddle is usually of equal length 
with the pectoral one, but in P. macrocrpJiahi^s it is longer. 
The bones closely correspuiid, in number, arrangement, and 
form, with those of the fore limb. The femur has the hind 
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margin less concave, and so appears more straight The 
fibula, in its reniform shape, agrees w-ith its homotype the 
ulna. The tarsal bones are also smallest on the tibial side. 
Of existing reptiles, the lizards, and amongst these the old 
world Monitors {Varanvs, Fitz.), by reason of the cranial 
vacuities in front of the orbits, most resemble the Plesiosaur 
in the structure of the skull. The division of the nostrils^ the 
vacuities in the occipital region between the exoccipitals and 
tympanies, the parietal foramen, the zygomatic extension of 
the postrfrontal, the palato-maxillary, and pterygo-sphenoid 
vacuities in the bony palate, ai-e all lacertian characters, as 
contradistinguished from crocodilian ones. 

But the antorbital vacuities between the nasal, pre-frontal, 
and maxillary bones are the sole external nostrils in the 
Plesiosaurs ; the zygomatic arch abuts against the fore part 
of the tympanic, and fixes it. A much greater extent of the 
roof of the mouth is ossified than in lizards, and tlie palato- 
maxillary and pterygo-sphenoid fissures are reduced to small 
size. Tlie teeth, finally, are implanted in distinct sockets. 
That the Plesiosaur had the "head of a lizard" is an emphatic 
mode of expressing the amount of resemblance in their cranial 
conformation. The crocodilian affinities, however, are not 
confiined to the teeth, but extend to the structure of the skull 
itself. 

In the simple mode of articulation of the ribs the lacertian 
affinity is again manifested ; the other vertebral characters 
exemplify the ordinal distinction of the Plesiosaurs from known 
existing reptiles. The shape of the joints of the centrums ; 
the number of vertebrae between the head and tail, especially 
of those of the neck ; the slight indication of the sacral verte- 
brae ; the non-confluence of the caudal hajmapophyses vnth 
each other, are all ** plesiosauroid." In the size and number 
of abdominal ribs and sternum may perhaps be discerned a 
first .stop in that series of development of the haemapophyscs 
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of the trunk which reaches its maximum in the plastron of 
the Chelonia. 

The connation of the clavicle with the scapula is common 
to the Chelonia with the Plmomuri ; the expansion of the 
coracoids — extreme in Plesiosauri — is greater in Chelonia 
than in Crocodilia^ but is still greater in some Lacertia. The 
form and proportions of the pubis and ischium, as compared 
with the ilium, in the pelvic arch of the Plesiosauri, find the 
nearest approach in the pelvis of marine Chelonia ; and no 
other existing reptile now offers so near, although it be so 
remote, a resemblance to the structure of the paddles of the 
Plesiosaur. Amongst the many figurative illustrations of the 
nature of the Plesiosaur in which popular writers have 
indulged, that which compares it to a snake threaded through 
the trunk of a turtle is the most striking ; but the number of 
vertebrse in the Plesiosaur is no tnie indication of affinity 
with the ophidian order of reptiles. 

The reptilian skull from formations imderlying the lias, to 
which that of Plesiosaurus has the nearest resemblance, is the 
skull of the Pistosaurus ; in this genus the nostrils have a 
similar position and diminutive size, but are somewhat more 
in advance of the orbits, and the premaxillaries enter into 
the formation of their boundary : the premaxillary muzzle and 
the temporal fossae are also somewhat longer and narrower. 
The post-frontals and mastoids more clearly combine with 
malars and squamosals in forming the zygomatic arch, which 
is of greater depth in Pistosawnis ; the parietal foramen is 
laiger ; there is no trace of a median parietal crest On the 
palate, besides internal nostrils, which are small foramina be- 
tween the palatines, pre-maxillaries, and maxillaries, there 
is a single median premaxillo-palatine foramen. In Capita- 
saurus wide palato-pterygoid vacuities are added to the 
foregoing perforations of the bony roof of the mouth : whilst 
in Nothosaums it gives passage only to the nasal canals. 
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111 Pistosaums there are 18 teeth on each side of the upper 
jaw, including the 5 premaxillary teeth; in Plesiosaurus there 
are from 30 to 40 teeth on each side. In Pistosaurus the 
teeth are relatively larger, and present a more oval transverse 
section : the anterior teeth are proportionally larger than the 
posterior ones than they are in Plesiosaurus. The dispropoiv 
tion is still greater in NothosauruSy in some species of which {N. 
aduncidenSy v. m.) a pair of curved tusks recalls the peculiar 
armature of Dicynodon ; whilst the teeth behind the premax- 
illary and symphysial terminal expansions of the jaws suddenly 
become — c.^., in Nothosaums miroMlis (fig. 90) — very small, 
and form a straight, mmierous, and close-set single series along 
the maxillary and corresponding part of the mandibular bone. 

Both Nothosaums and Pistosaurus had many neck-verte- 
brae, and the transition from these to the dorsal series was 
effected, as in Plesiosaurus^ by the ascent of the rib-surface 
from the centrum to the neurapophysis. 

In both Notho- and Pisto-saurus the pelvic vertebra 
developes a combined process (par- and di-apophysis), but 
relatively larger, vertically longer than in Plesiosaurus, This 
process, with the coalesced riblet, indicates a stronger ilium, 
and a firmer base of attachment of the hind limb to the trunk, 
than in Plesiosaurus. Both this structure and the greater 
length of the bones of the fore arm and leg, shew that the 
muschelkalk predecessors of the liassic Plesiosauri were better 
organized for occasional progression on dry land. 

A comparison of remains of PlesiosauH has shewn, that 
specific distinctions are accompanied with well-marked dif- 
ferences in the structure and proportions of answerable 
vertebrae, but are not shewn in small differences of number 
in the cervical, dorsal, or caudal vertebrae. When any region 
of the vertebral colunm presents an unusual excess of develop- 
ment in a genus, such region is more liable to variation, 
within certain limits, than in genera where its proportions are 
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more normal. Specific characters are afforded by the propor- 
tions of the vertebral centra, by the relative size of the cervical 
ribs, by the relative position, shape and prominence of the 
costal articular surfaces ; by the flatness or concavity 
of the terminal articular surfaces ; by the relative length of 
the neck relating usually to a larger or smaller size of head ; 
by the structure and relative size of the fore and hind paddles. 
More than twenty species of Plesiosaurus have been described 
by, or are known to, the writer ; their remains occur in the 
oolitic, Wealden, and cretaceous formations, ranging from the 
lias upwards to the chalk, inclusive. 

Ge7ius Pliosaurus, Ow\ — M. von Meyer regards the num- 
Ijer of cerv'ical vertebne and the length of neck as characters 
of prime importance in the classification of Reptilian and 
founds thereon Ids order called Macrotrachelen, in which he 
includes Simosaurtts, PistosauruSy and NotliosaumSj with 
Plesiosaurus* No doubt the number of vertebne in the same 
skeleton bears a certain relation to ordinal groups: the Ophidia 
find a common character therein ; yet it is not their essential 
character, for the snake-like form, dependent on multiplied 
vertebrae, characterizes equally certain Batrachians {Ccccilia) 
and fishes {Murcena), Certain regions of the vertebral column 
are the seats of great varieties in the same natural group of 
ReptUia, We have long-tailed and short-tailed lizards ; but 
do not therefore separate those with numerous caudal verte- 
bi'ae, as " Macroura," from those with few or more. Tlie 
extinct Dolichosaurus of the Kentish chalk, with its procoelian 
vertebrae, cannot be ordinarily separated, by reason of its 
more nimierous cervical veitebne, from other shortei^necked 
proccelian lizards. As little can we separate the short-necked 
and big-headed amphicoelian Pliosaur from the Macrotrache- 
lians with which it has its most intimate and true affinities. 

There is much reason, indeed, to suspect tlmt some of the 
• " Die Saurier dcs Muschelkalkes," fol. 1847-55. 
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muschelkalk Saurians, which are as closely allied to Notho- 
aaurus as Pliosaurus is to PlesiosaumSy may have presented 
analogous modifications in the number and proportions of the 
cervical vertebrre. It is hardly possible to contemplate the 
broad and short-snouted skull of the Simosaums^ with its 
proportionally large teeth, without inferring that such a head 
must have been supported by a shorter and more powerful 
neck than that which bore the long and slender head of the 
Nothosawrus or Pistosauncs. The like inference is more 
stix)ngly impressed upon the mind by the skull of the Placodm^ 
still shoi-ter and broader than that of SimosaiiruSy and with 
vastly larger teeth, of a shape indicative of their adaptation to 
crushing molluscous or crustaceous shells. 

Neither the proportions and armature of the skull of 
PlacoduSy nor the mode of obtaining the food indicated by its 
cranial and dental characters, permit the supposition that the 
head was supported by other than a comparatively short and 
strong neck. Yet the composition of the slaill, its proportions, 
cavities, and other light-giving anatomical characters, all be- 
speak the close essential relationship otPlctcodns to Simosaurvs 
and other so-called ** macrotrachelian " reptiles of the mus- 
chelkalk beds. The fin-like modification of the limbs is a 
better ordinal distinction than the number of vertebrae in any 
particular region of the spine. But no single character sufiSces 
to make known a natural group ; and those who would retain 
the term Enaliomuria for the lai-ge extinct natatory group of 
saurian reptiles, should bear in mind the essential distinctness 
of the orders Sauropterygii and Ichihyopterygii^ typified 
by the IclUhyosaurus and Plesiosaurus respectively. 

The generic characters of Pliosaunis are given by the 
teeth and the cer\'ical vertebrae. As compared with those of 
PlesiosauncSy the teeth are thicker in proportion to their length, 
are subtrihedral in transverse section, with one side flattened, 
and bounded by lateral prominent ridges from the more convex 
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sides, which are rounded off into each other, and alone shew 
the longitudinal ridges of the enamel ; these are there very 
well defined. The vertebrae of the neck are so compressed 
from before backward as to resemble the vertebrae of the leh- 
thyomtinis (fig. 92, c), but the articular surfaces are flat, and 
as many as twelve may be compressed within the short neck 
intervening between the skull and scapular arch, as shewn in 



^■yjr \^s^ t'ig. 94. 

FUo»aurtt8 (Rimmeridgian). 

fig. 94?. For the rest, save in the more massive proportions of 
the jaws and paddle-bones, the bony framework of Pliosamrns 
closely accords with that of Plesiosaunis ; and, as the verte- 
brae of the trunk resume the plesiosaurian proportions, they 
give little indication of the genus of reptile to which they truly 
belong, when found detached and apart. Some individuals 
of Pliosaurus brachydeinis appear to have attained a length 
of upwards of 4fO feet. A tooth of a Pliosaurvs grandiA, 
from the Kimmeridge clay near Oxford, presents the following 
dimensions : — girth of base of the crown, 7i inches ; diameter 
of do., 2 in. 7 lines. Both ends of the tooth are broken 
away, but its length may have exceeded 8 inches ; the general 
size rivalling that of the teeth of the full-grown cachalot, or 
sperm-whale.* The remains of this modified form of Sauro- 
pterygian are peculiar to the Oxfordian and Kimmeridgian 
divisions of the upper oolitic system ; and, in the counties of 
England where those clays have been deposited, vertebrae and 

* This specimen is in the collection of the Hon. Robert Marsharo, to whoso 
kindness I am indebted for its inspection. 
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teeth are not uucoinmon : remains of allied species {Pliosaurus 
Worinskii and Spondylosaurus of Fischer), have been dis- 
covered in equivalent beds in Russia. 

OeniLS PoLYPTYCHODON. — This is represented by species 
equalling in size those of Pliosaurus. The teeth have a strong 
conical crown with a sub-circular transverse section, and the 
longitudinal ridges of the enamel are set close all round the 
crown, whence the name of the genus, signifying "many- 
ridged tooth ;" they may be distinguished from the teeth of 
Mosasaurus or Pliosaurus by the absence of the smooth almost 
flattened facet of the crown, which surface, in those genera, is 
divided by two longitudinal ridges from the rest of the crown. 
The teeth are implanted in distinct sockets, as in Plesiasaurus. 
The vertebrae found in the same strata, corresponding in size 
with the teeth, present the plesiosauroid type. Bones of a 
large paddle or natatory limb, from the chalk of Kent, may 
also belong to Polyptychodon, A portion of the cranium of 
Polyptychodon interruptvSy from the chalk, shews the " fora- 
men parietale," and a plesiosauroid type of temporal fossa?. 

Remains of Polyptychodon have hitherto been met with 
only in the cretaceous formations : in the upper green-sand 
of Kent and Cambridge, in the Neocomian at Kursk, in 
Russia, and in the chalk of Kent and Sussex. 

The Sauropterygian type attained its maximum dimen- 
sions under the last two generic forms, at the close of the 
great mezozoic epoch, when the entire order had passed away. 

Order 5. — Anomodontia. 

Teeth wanting, or limited to a single maxillary pair, having 
the form or proportions of tusks : a ** foramen parietale ;" 
two external nostrils ; tympanic pedicle fixed ; vertebra? 
biconcave ; trunk-ribs long and curved, the anterior 
ones with a bifurcate head ; sacnim of more than two 
vertebrsp. Limbs ambulato^}^ 



i 
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FaM. — DlOYNODONTIA. 

A long ever-growing tusk in each maxillary bone ; pre-maxil- 
laries connate, forming with the lower jaw a beak- 
shaped mouth, probably sheathed with horn. 

The evidences of this most singular family of reptiles have 
liitherto been found only in South Africa, where they occur, 
petrified, in a hard stone of probably triassic age. In the 
modifications of the skull may be discerned characters of 
the crocodile, tortoise, and lizard, coupled with the presence 
of a pair of huge sharp-pointed tusks, growing downwards, 
one from each side of the upper jaw, like the tusks of the 
mammalian morse {Tricheciis). No other kind of teeth were 
developed in these singular animals ; the lower jaw appears 
to have been armed, as in the tortoise, by a trenchant sheath 
of horn. 

The vertebrae, by the hollowness of the co-adapted articular 
surfaces, indicate these reptiles to have been good swimmers, 
and probably to have habitually existed in water ; but the 
construction of the bony passages of the nostrils proves that 
they must have come to the surface to breathe air. The pelvis 
consists of a sacrum composed of 5 confluent vertebrae, with 
very broad iliac bones, and thick and strong ischial and pubic 
bones. The bones of the limbs resemble those of the marine 
chelonia, but are more expanded at the extremities. 

Some extinct plants allied to the Lepidodendron, with 
other fossils, render it probable that the sandstones containing 
the dicynodont reptiles were of the same geological age as 
those that have revealed the remains of the Rhynchosaurs and 
Labyrinthodonts in Europe. 

The genus Dici/nodoriy from the Greek words signifying 
" two tusks or canine teeth,"* was founded on four species 

• Trans. Geol. Soc., 2d BerioH, vol. vii. {diSj two ; kunodos, canine-tooth). 



DICYNODONTIA. 257 

having a rounded profile and less strongly ridged maxiUaries 
than in tlie succeeding genus. 

Sp. DicyTwdon lacerticeps, Ow. — Tliis species is represented 
by a skuU six inches in length, in the British Museum, of 
which a reduced figure is given in cut 95, where c shews the 
canine tusks. 

Sp. Dici/nodan iestudicepSy Ow. — In this species the skull, 
and the facial part more particularly, is shorter than in 2). 
la^rticcps. 

Sp. Dicyiiodon strigicepSy Ow\ — Tlie shortening of the jaws 
and blunting of the 
muzzle are carried 
to an extreme in this 
species, in which the 
nostrils are situated 
almost beneath the 
orbits. 

Sp. Dicynodon 
tigriceps* Ow. — In ^^^ ^^ 

• 1 . • A^ Skull and tusks of />icwwoc/on /acer/ic^tw. 

this species the ^ ^ 

length of the skull is 20 inches, its breadth across the 
widest part of the zygomatic arches being 1 8 inches. It dif- 
fers from the 2). lacerticeps not only in size, but in the 
relatively larger capacity of the temporal fossiP, and smaller 
size of the orbits. These cavities in D. lacerticeps occupy the 
middle third of the skull, but in /). tigriceps are wholly in the 
anterior half of the skull. The profile of the skull in D, lacer- 
ticeps begins to slope or cuitc down from a line parallel with 
the back part of the orbits, but in 2). tigriceps it does not begin 
to bend down until in advance of the orbits. 

Genus I^ychognathus, Ow. — Three other species, shewing 
a remarkable angular contour of the skull, with strongly ridged 
maxillary and upwardly produced mandibular bones, have 

* TranB. Geol. Soc., 2d series, vol. vii , p. 233. 
S 
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been subgenerically separated under the name Ptychagiiathvs, 
Their remains characterize the same formations as those of 
Dicynodon, 

Ptychognathus* declivisy Ow. — In the skull of this species 
(fig. 96, 3a) assuming the horizontality of the upper (fronto- 
parietal) plane of the cranium as giving the natural position 
of the skull, the broad plane of the occiput meets it at an 
acute angle, rising from the condyle upward and backward — 
a direction not previously observed in any reptile, and similar 
to that presented by the occiput in relation to the vertex in 
many mammals. 

The fronto-parietal plane {jh, 3 h) is bounded by an anterior 
ridge (3 6, 14, 15), whence the facial part of the skull (3a, 15, 22) 
descends in a direction nearly parallel with that of the occi- 
put The occipital ridge (3 c, 7f 8) is notched at the middle. 
The occipital plane, owing to the outward expansion of the 
masto-tympanic plates (3 c, 8, 28), becomes the broadest part of 
the skull, which quickly contracts forward to the ridged 
beginnings of the alveoli of the canine tusks (3 6, 21). 

Tlie nostrils (3 a, n) are situated nearer the orbits {0) than 
the muzzle. Tliey are proportionally smaller than in the 
typical Dicynodonts. The orbits {6) are so placed and shaped 
as to suggest that the reptile had the power of turning the 
eye-ball so as to look upward and backward, as well as out- 
ward, in a peculiar degree. The upper outlets of the temporal 
fossae are broader than they are long. The palate has a single 
large oval vacuity at its back part, bounded externally and 
behind by paJato-pterygoid ridges. In one orbit, a few scle- 
rotic plates (3a, s) were preserved. 

The occipital condyle (3 c) is subtrilobate, and is formed 
by the basi-occipitals {ib, i) and ex-occipitals {jb. *) in equal 
proportions : the latter have coalesced, as in the crocodiles, 
with the paroccipitals {ib. *). The parietals form one bone, 

* From ptyx^ a fold or ridge, and gnathos^ a jaw. 
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perforated by a small " foramen parietale " close to the coronal 
suture. The frontals (3 6, u) are broader than they are long, 
and contribute a small share to the superorbital border ; their 
median suture is distinct^ and is continued forward, between 
the nasals (15), beyond the anterior transverse ridge upon the 
straight sloping part of the skull, to where the nasals join the 
premaxillary bone (22). The superorbital prominence (3 a, h) 
is developed by a large subtriangular prefrontal (14). The 
lacrymal (13) forms the fore part of the orbit, extending 
nearly half an inch forward upon the face. The sides of the 
premaxillary {jh. 22) bend abruptly down in front of the 
nostrils, to join the maxillaries {ib. 21) ; these form the lower 
boundary of the nostrils, and join above and behind with the 
prefrontal, lacrymal, and nasal bones : their outer surface is 
divided by the strong ridge which has suggested the sub- 
generic name for the fossiL Tliis ridge, commencing below 
the orbit, where it seems to be a forward continuation of the 
zygoma, becomes more prominent as it extends forward, and 
soon forms the outer angle of the three-sided socket of the 
canine tusk. The rami of the lower jaw augment in depth 
from the angle to the symphysis, where they are confluent. 
The angle projects a very little way beyond the articulation. 
ITie articular surface is moderately concave, and looks 
obliquely upward and backward. The elements of the pos- 
terior half of the ramus, answering to the articular, angular, 
and surangular in lizards, appear to form one piece (3 cr, 30). 
A thin vertical splenial plate, on the inner side of the 
ramus, begins about an inch in advance of the angle, and 
extends forward to the symphysis, at the back part of which 
it appears to become confluent with its fellow. The part 
answering to the angular diverges from the surangular, and 
forms the hind boundary of an oblong vacuity at the middle 
of the side of the ramus, the fore part of which vacuity is 
formed by a bifurcation of the dentary element (32). The 
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dentary is thickened and strengthened by a ridge, continued 
forward from the upper boundary of the fissure, and subsiding 
at the vertical channel upon the side of the symphysis, receiv- 
ing the tusks when the mouth is closed. The symphysis 
of the mandible (3 a, 32) is peculiarly massive — broad, high, 
and thick. Anteriorly it is convex in every direction ; it is 
bent or produced upward, terminating in a broad, convex, 
trenchant margin, like the fore part of the lower mandible of 
a m6W5caw. The upward development of the fore end of the 
lower jaw is necessitated by the oblique truncation of the pre- 
maxillary — the mouth here opening obliquely upward, as in 
some fishes, giving a very odd physiognomy to the skull of 
Ptychognathus. 

The modification of the back part of the head of Ptycho- 
gnathiis^ especially the great expansion due exclusively to the 
development of ridges for augmenting the surface of attach- 
ment of muscles (for the brain of the cold-blooded reptile 
would need but a small spot of the centre of the occipital 
plates for its protection), indicates the power that was brought 
to bear upon the head as the framework in which were 
strongly fixed the two large tusks. The power of resistance 
of the cavities receiving the deeply implanted bases of the 
tusks was increased by the ridges developed from the outer 
part of their bony wall. 

Only the cix)codiles now shew a like extent of ossification 
of the occiput, and only the Chelonians the trenchant tooth- 
less mandible : but in both the outer nostril is single and 
median ; the lizards repeat the divided apertures for respiiv 
ing air: in manmials alone do we find a development of 
canine tusks like that in the Dicynodonts. 

Ptychognathiis latirostrisy Ow. — A second species of 
Ptychoffnathus is indicated by a skull which in its 
facial part is broader and shorter, and which has the orbits 
of a more circular form, yet presenting the notch at the 
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upper and back part The sloping facial pait of the skull 
presents the same straight outline, and is of the same length, 
viz., 4 inches, as in Pt. declivis; but its breadth at the base of 
the canine sockets is 3 inches 2 lines, beyond which they 
slightly expand ; and the ridges of these sockets begin to 
project nearer to the orbits.* 

FaM. — CRYPTODONTIA. 

Upper as well as lower jaws edentulous, or with inconspicuous 
teeth. 

Oentis OUDENODON, Bain. 

Sp. Oudenodon Bainii, Ow. — The fossils on which tliis 
species was founded are from a bluish argillo-ferruginous 
limestone in South Africa, and form part of a collection trans- 
mitted to the British Museum by A. G. Bain, Esq., by whom 
the namef of the genus was suggested. In the species dedi- 
cated to its discoverer, the back part of the skull, greatly 
extended in breadth by the expanse of the lameUiform sinuous 
masto-tympanics, inclines from above the occipital condyle 
upward and forward, the superoccipital being continued into 
the parietal (fig. 95, 4 ^) by a longitudinal channel between the 
occipito-temporal crista?. 

The temporal fossae (ib. 7) are longer than they are broad, 
in which respect Oudenodon more resembles Dicyiiodon than 
Ptychog7uUhvs. The zygoma {ib. 26) is a long, rather slender, 
compressed bar. The postfrontal bar (ib. 12) dividing the 
temporal fossa from the orbit is directed from within out- 
ward, backward and slightly downward. The interorbital space 
is narrower than the intertemporal one, so that the lower 
lx)rder of the orbit has a more outward position than the 

* Quarterly Journal of the Greological Society, 1860, p. 51. 
t Ouden, none ; odouH, tooth. 
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upper one, and the aspect of the orbits (ii. o) is very oblique, 
rather more upward than outward. The profile of the face 
descends by a regular curve from the upper to the fore part, 
which is nearly vertical, — the premaxillary (22) being continued 




Fig. 96. 

I and 2. GaleMaarus planiceps, Ow. ; Truu^ Kbenosterberg, South Africa. 

3. Ptychognathas doclivis. Ow. ; Tri€U., ib. ib. 

4. OudenodoD Bainii, B. ; Trias, Fort Beaufort, South Africa. 

more nearly to the level of the alveolar border of the maxil- 
lary than in Ptyclwgnaihiis. The nostril {jb. n) is relatively 
larger than in PtychogTiathm declivis ; and both premaxillary 
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and maxillary are moi-e deeply notched to form its fore and 
under boundaiy ; the nasal (15), prefrontal (14), and lacrymal 
(13), complete that boundaiy. Below the middle of the orbit 
a thick, smoothly rounded, vertical ridge projects from the 
maxillary, in the position of the alveolus of the tusk in PL 
declivis ; but it rather suddenly subsides upon the alveolar 
border, which is here entire and imperforate, forming simply 
a low obtuse angular projection upon that border. Sections 
of fragments of Oudenodon have demonstrated this ridged 
part of the maxillary to be solid, without the vestige of a 
genu of a tooth answering to the tusk in Dicynodonts. 
The rest of the alveolar border, chiefly formed by the pre- 
maxillary, is toothless and subtrenchant, as in the Dicy- 
nodont reptiles ; and, the lower jaw presenting the same 
structure, we have in the present remarkable reptile an eden- 
tulous Saurian. 

The composition of the skull is essentially the same in 
Oudenodon as in Dicynodon; and the same affinities may be 
predicated of it, with such additional approach to Chelonia as 
the total absence of teeth may indicate. But the double 
nostril demonstrates the Saurian affinities of the genus. 

Two other species, Ovdenodon prognathus and Ovd. Oreyii, 
Ow., from the sandstones at the base of the Rhenosterberg, 
South Africa, are described in the Quarterly Journal of the 
Greological Society, 1860, p. 55. 

Genus Ehynchosaurus, Ow. 

Sp. Rhynchosaurus articepSy Ow.* — The fossils in which 
the above genus and species of reptile have been based 
are from the new red sandstone (trias) of Shropshire. They 
occur at the Grinsill quarries, near Shrewsbury, in a fine- 
grained sandstone, and also in a coarse burr-sandstone ; in the 
latter the writer found imbedded some vertebrce, portions of 

* Transactiuns of the Cambridge Philosophical Society, vol. vii. part iii,, 
1842, p. 355, plates 5 and 6. 
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tlie lower jaw, a nearly entire skull, fragments of the pelvis 
and of two femora : in the fine-grained sandstone, vertebra*, 
ribs, and some bones of the scapulai' and pelvic arches are 
imbedded. Tlie bones present a very brittle and compact 
texture ; the exposed surface is usually smooth, or very finely 
striated, and of a light blue colour. The sandstones contain- 
ing these bones occasionally exhibit impressions of footsteps 
which resemble those figured in the Memoir by Murchison 
and Strickland (GeoL Trans., 2d series, vol. v., pi. xxviiL fig. 
1) ; but they differ in the more distinct marks of the claws, 
the less distinct impression of a web, the more diminutive 
size of the inneimost toe, and an impression corresponding 
with the hinder part of the foot, which reminds one of a hind 
toe i>ointing backwards, and which, like the hind toe of some 
binls, only touched the ground with its point. The footprints 
are likewise more equal in size, with moi'e regular intervals, 
than those figured in the above-cited Memoir: they measure 
from the extremity of the outermost or fifth toe to that of the 
innennost or first rudimental toe, about one inch and a halt 
They are the only footprints that have as yet been detected 
in the new red sandstone ([uarries at GrinsUL 

As the fossil bones have always been found nearly in 
the same bed as that impressed by the footsteps above de- 
scribed, they probably belong to the same animal. In the 
vertebrje both articular surfaces of the centrum are concave, 
and are dee})er than in the biconcave vertebne of the ex- 
tinct Crocodilians ; the texture of the centrum is compact 
throughout. Tlie neural arch is anchylosed with the centrum, 
without trace of suture, as in most lizards ; it sends outwards 
from each angle of its base a broad zygapophysis with a flat 
articular surface ; the two anterior surfaces look directly 
upward, the posterior ones downward ; the tubercle for the 
simple articulation of the rib is situated immediately beneath 
the anterior zygapophysis. So far the vertebraj of the 
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KhynckosauruSy excepting their biconcave structure, resemble 
the vertebrse of most recent lizards. In the modification next 
to be noticed, they shew one of the vertebral characters of the 
Dinosauria, A broad obtuse ridge rises from the upper con- 
vex surface of the posterior zygapophysis, and arches forwards 
along the neural arch to the anterior one ; the upper part of 
this arched angular ridge forms, with that of the opposite side, a 
platform, from the middle line of which the spinous process is 
developed. Nothing of this kind is present in existing lizards. 
The base of the spinous process is broadest behind, and com- 
mences there by two roots or ridges, one fh)m the upper and 
back part of each posterior zygapophysis ; the height of the 
spine does not exceed the antero-posterior diameter of its 
base ; it is obliquely rounded off. The spinal canal sinks into 
the middle part of the centrum and rises to the base of the 
spine, so that its vertical diameter is twice as great at the 
middle as at the two extremities ; this modification resembles 
in a certain degree that of the vertebrae of the Palccosaurus 
from the Bristol conglomerate. 

The skull (fig. 91, a) presents the form of a four-sided 
pyramid, compressed laterally, and with the upper facet arch- 
ing down to the apex, wliich is formed by the termination of 
the premaxillaries, aa. The very narrow cranium, wide tem- 
poral fossae on each side, bounded posteriorly by the parietal 
and the mastoid bones and laterally by strong compressed 
zygomata, the long tympanic pedicle (ib. r) descending verti- 
cally, and terminating in a convex pulley for the articular con- 
cavity of the lower jaw, the large and complete orbits (jf)y and 
the short, compressed, and bent down upper jaw, are lacertian 
characters. The lateral compression and the depth of the 
skull, the great vertical breadth of the upper, and the vertical 
breadth of the lower, jaw-bones, shew that it is not a batra- 
chian. The shortness of the muzzle, and its compressed form, 
remove it from the Ci'ocodilians. No Chclonian has the 
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tympanic pedicle so long, so narrow, or so freely suspended to 
the posterior and lateral angles of the cranium. 

The general aspect of the sknll differs, however, from that 
of existing Lacertians, and resembles that of a bird or turtle, 
which resemblance is increased by the absence of teeth. The 
dense structure of the produced ends of the premaxillaries 
indicates an analogy of function to the tusks of Dicynodon ; the 
premaxillaries, a, are double, as in crocodiles and Chelonians ; 
but most of the essential characters of the skull are those of 
the lizard. The rami of the lower jaw are remarkable, as in 
BathygnathuSy for their great depth, but not the least trace of a 
tooth is discernible in the alveolar border of the dentary 
element a. The surangular element,/, the angular e, and the 
articular d, indicate a composition of the mandible, like that 
in lizards. 

The indications of a dental system are much more obscure 
in the Rhynchosaurus than in any existing Lacerti«ui ; the 
dentations of the upper jaw are feebler than in the chameleon, 
and no trace of them can be detected in the lower jaw, where 
they are strongest in the chameleon. The absence of the 
coronoid process in the Rhynchosaunis, which is conspicuously 
developed in all existing lizards, corresponds with the unarmed 
condition of the jaw ; and the resemblance of the Bhyncho- 
mums in this respect to the Chelysferox, would indicate that 
the correspondence extended to the toothless condition of the 
jaws. The resemblance of the mouth to the compressed beak 
of certain sea-birds is produced by the bending down of the 
curved and elongated premaxillaries, so as to be opposed to 
the deep symphysial extremity of the lower jaw. 

There are few genera of extinct reptiles of which it is more 
desirable to obtain the means of determining the precise modi- 
fications of the locomotive extremities than the Rhynchosaurus. 
The fore-limbs were short, but seemingly adapted for motion 
on land ajs well as in water. The humerus was about half 



CYNODONTIA, 267 

the length of the head, and the anti-brachium about two-thirds 
the length of the humerus. The fortunate preservation of the 
skull has brought to light modifications of the lacertine struc- 
ture leading towards Chelonia and birds which before were 
unknown. 

The cranium of a Ehynchosaurian reptile with obscure 
maxillary dentations,* has been discovered in the sandstones, 
containing the Leptoplenron, near Elgin ; and adds to the 
probability of their triassic age. 

Fam. — Cynodontia. 

A pair of teeth in each jaw resembling in shape, position, and 
relative size to the other teeth, the canines of carnivorous 
mammals, and dividing the incisors from the molars. 

Genus Galesaukus, Ow. — This genus is foimded upon the 
fossil skull of a reptile (fig. 96, i and 2), from the sandstone of 
Rhenosterberg, S. Africa, exhibiting that remarkable resem- 
blance to the mammalian carnivorous dentition, which has led 
to a foundation of a family for its reception in the group of 
reptiles characterized by the anomalous departures from the 
type of dentition in the great Saurian order of Cuvier. 

The skull of the Oalesaurus plani4:eps is, as the specific 
name implies, depressed and flat ; tapering fix)m the broad 
zygomatic region to the muzzle. The occipital plane is inclined 
from below upward and forward, is continuously ossified, is 
pitted by the insertion of poweiful muscles, and is bounded 
laterally by ridges, converging upward and dividing the 
occipital from the temporal fossse. The parietal crest bifur- 
cates to surround an elliptical "foramen parietale ;" and the 
divisions thence gradually diverge to the post-frontals. The 

* Prof. Huxley has referred this fossil to a genus Hyperodaphodon^ because 
it appears to possess palatal teeth : but theiie may have been present in 
RhynchoMurui, 
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tympanic (as) is a broad deep plate of bone, convex out- 
wardly. 

The z)'gomatic arch is continued forward from the tjnn- 
panic (»8), to the postorbital boimdary (26) ; it is laige and 
deep, and from its outward curvature, gives great width to 
the foss8e which lodged the temporal muscles. The orbits 
are of a subtriangular form; their aspect is more upward 
than outward. The post- and pre- frontals unite above 
the orbit, and contribute a narrow tract to each side of 
the interorbital space, which is flat The nostril (n) is single, 
terminal, and vertical; it is bounded laterally by short pre- 
maxillaries. 

The most interesting peculiarity in the skull is the well- 
marked definition from the other teeth, by a contrasted supe- 
riority of size, of an upper and lower canine tooth on each 
side, having the same position in the skull and relative 
position to each other as in the carnivorous mammals. In 
no other Saurian are incisors so divided from molars by a 
single canine; in none is such definition of the three kinds of 
teeth so plain and unequivocal 

The premaxillaries contain each four equal-sized teeth 
with simple conical crowns, much shorter than the canines, 
sloping a little forward from the vertical position, and passing 
in front of the lower incisors when the mouth is shut The 
eight lower incisors are narrower than those above, but have 
about the same length of crown. Both upper and lower in- 
cisors are arranged in contact, or close order, as in mammals. 
The canines, c c, have the same relative position to each 
other as in mammals, the lower passing in front, and on the 
inner side of the upper, when the mouth is shut Twelve 
close-set conical subcompressed teeth succeed the canine in 
both jaws, holding the place of the molar series ; they are 
of nearly equal size, but much less than the canines ; those 
of the upper jaw pass external to the lower molars, when the 
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mouth is shut ; they would pierce and cut like the camassial 
molars of carnivorous mammals. 

The reptilian nature of the above-described skull is shewn 
by the single occipital condyle, associated with the contracted 
cranium and the complex frontal bone ; its crocodilian affini- 
ties by its terminal single nostriL The more generalized 
saurian character is exemplified by the series of small vascular 
foramina near the alveolar border of the jaws, and by the 
"foramen parietale;" whilst a most singular and suggestive 
approach to the mammalian class is made in the above- 
described characters of the dentition. 

The predominance of the canines, their seeming want of 
successors — the certain absence, at least, of such evidence as 
would have appeared had the canines been subject to the 
ordinary law of saurian dentition — point to a relationship 
with the Dicjmodonts ; the structure of the occipital region 
of the skull and the expanse of the tympanies and zygomatic 
arches, also conform to the type of those singular South 
African reptiles. The breadth and flatness of the skull and 
the proportions of the orbits and temporal fossje recall the 
proportions of Simosaurus amongst the peculiar saurians of 
the triassic deposits of Germany. 

Omus Cynochampsa,* Ow. 

Cynochampsa laniariit.% Ow.jf This genus and species are 
indicated by the extremity of the upper and lower jaws, 
from the same formation and locality as Gaksaunis. Suf- 
ficient of the jaw is preserved to shew that it must have 
terminated in a more or less produced narrow muzzle, which, 
including the under jaw, would present a subcylindrical trans- 
verse section, as in the Gavial and Teleosaur : but a close-set 
series of small and similarly sized incisor teeth are separated 

* From kuon, a dog ; and champsai, the Egyptian name for the crocodile, 
t DcRcribed and figured in " Quarterly Journal of Geological Society," 1859, 
p. 63. PI. III. figfl. 1-4. 
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from the rest of the dentition by a pair of upper and a pair 
of lower canines, as well contrasted by their superiority of 
size as in Oalesaurvs. Instead, however, of these canines 
being immediately followed by small molar teeth, there was 
a toothless space extending at least as far as the upper jaw 
has been preserved on the fossil under description ; and this 
space equals at least twice the breadth of the crown of the 
upper canine. Other specimens are required to complete our 
knowledge of the dentition. 

The relative positions of the incisors and canines were 
nearly the same as in Galecynus; the crowns of the lower 
canines were perhaps more completely concealed when the 
mouth was shut The nostril is single, terminal, of a trans- 
versely oVal shape, with the plane of its outlet inclined from 
above downward and forward. The aperture is bounded by 
the premaxillaries (fig. 3, ^^) below and at the sides, and by 
the nasals (jh. 15) above. The extremity of the upper jaw, 
pierced by the nostril, is slightly expanded, as in the Teleosaur, 
but in a less degree than in the GaviaL 

Order VI. — Pterosauria. 

Ch/ir, — Pectoral members, by the elongation of the anti- 
brachium and fifth digits adapted for flight Vertebne 
procoelian ; those of the neck very large, those of the 
pelvis small. Most of the bones pneumatic. Head large ; 
jaws long, and armed with teeth. 

The species of tliis order of reptiles are extinct, and peculiar 
to the mezozoic period. Although some members of the pre- 
ceding order resembled birds in the shape or the edentulous 
state of the mouth, those of the present order make a closer 
approach to the feathered class in the texture and pneumatic 
character of most of the bones, and in the development of the 
pectoral limbs into organs of flight (fig. 97). This is due to 
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an elongation of the antibrachial bones, and more especially 
to the still greater length of the metacarpal and phalangial 
bones of the fifth or outermost digit (fig. 97, 5), the last 
phalanx of which terminates in a point The other fingers 
were of more ordinary length and size, and terminated by 
claws. The number of phalanges is progressive from the first 
(fig. 97, to the fourth (4), which is a reptilian character. 




Fig. 97. 

Fossil skeleton oi Pterodactylm crassiroBtris : A, Sketch of living Pterodactjle. 

The humerus, with a larger and more produced pectoral 
process than in birds, shews characters intermediate between 
those in that class and in crocodiles. The whole osseous 
system is modified in accordance with the possession of 
wings; the bones are light, hollow, most of them permeated 
by air-cells, with thin compact outer walls. The scapula and 
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coracoid are long and narrow, but strong. The breast-bone 
had a short but strong and deep keel, continued forward, in 
advance of the cavities for the coracoids much further than 
in birds ; and the body of the bone expands into a semicircular, 
slightly convex, disc, separated by a constriction from the 
narrower keeled part^ supporting the coracoids. The vertebra? 
of the neck are few compared with those of birds ; but they 
are large and strong, for the support of a large head with long 
jaws, armed with sharp-pointed teeth. The skull is, however, 
lightened by large vacuities, of which one (p, fig. 97) is inter- 
posed between the nostril n and the orbit /. The vertebrae of 
the back are small, and grow less to the tail They are more 
numerous than in birds, there being in some species seventeen, 
including one or two ribless or lumbar vertebrae. Those of 
the sacrum are small, from three to seven in number: but 
the pelvis is weak, and the hind limbs bespeak a creature 
unable to stand and walk like a bird. The body must have 
been dragged along the groimd like that of a bat The 
PUrosauria may have been good swimmers as well as flyers. 
The wings were outstretched membranes, as in bats ; the skin 
of the body was apparently smooth, or finely wrinkled ; no 
trace at least of scales, hairs, or feathers, has been manifested in 
the fine-grained stone (lithographic), most rich in Pterodactyle 
remains ; and in which the fine " bone-tendons," and delicate 
sclerotic plates of the eye are preserved. The vertebral bodies 
unite by ball-and-socket joints, the cup being anterior, and in 
them we have the earliest manifestation of the ** procoelian " 
type of vertebra. The atlas consists of a discoid centrum, 
and of two slender neurapophyses ; the centrum of the axis 
is ten times longer than that of the atlas, with which it ulti- 
mately coalesces ; it sends off from its under and back part a 
pair of processes, above which is tlie transversely extended 
convexity articulating with the third cervical vertebra. In 
each vertebra there is a large pneumatic foramen at the middle 
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of the side. The neural arch is confluent with the centrum. 
The anterior ribs have a bifurcate head. The dentition is 
thecodont 

A specimen of Pterodactyle, from Bavarian lithographic 
slate, shewing apparently but two phalanges in the wing- 
finger, represents a family {Diarthri)^ and a genus Orni- 
thopterusy in the system of V. Meyer.* The normal number of 
phalanges in this characteristic digit of a Pterosaur is four. 
The metacarpal, bone varies in relative length in diflferent 
species. In Pter, longirostris it is more than two-thirds the 
length of the first phalanx, in Pter. longicollum it is five- 
sixths that length ; whilst in Pter. Oeramingi it is less than 
one-fifth the length of the phalanx it supports. Other 
variations are indicated by such specific names as, Tnaxyronyx 
long-clawed, micronyx small-clawed, crasdpes tliick-footed, 
lonffipes long-footed, — longirostris^ brevirastrisy crassirostris, 
conirostriSy compressirostris, scolopadceps, simits, relating to 
various shapes of the head, — medivsy grandis, wlturinnSy 
giganteuSy relating to size of body, etc. Tlie characters here 
adopted for the genera of Pterosauria are taken from the 
dental system. 

GentlS DiMORPHODON, Ow. 

Sp. Dimorphodon macronyx^ Bkd. — In this species, fi-oni 
the lower lias of Dorsetshire, the teetli are of two kinds ; a 
few at the fore part of the jaws are long, large, sharp-pointed, 
with a full elliptical base ; behind them is a close-set row of 
short, compressed, very small lancet-shaped teeth. In a 
specimen from Lyme Eegis, the skull is 8 inches long, and 
the expanse of wing about 4 feet. There is no evidence of 
this species having had a long tail. 

Genus IUmphorhynchus, Von Meyer. — In this genus the 
fore part of each jaw is without teeth, and may have been 
encased by a homy beak, but behind the edentulous produc- 

* " Rcpiilien aus dem Lithographigchen Schiefer," fol. 1S59, p. 24. 

T 
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tion there are four or five large and long teeth, followed 
by several smaller ones. The tail is long, stiff, and slender. 

The Ramphorhynchiis longicaiiduSy R. Gemmingi, and R. 
Miinsteri belong to this genus. All are from the lithographic 
(middle oolitic) slates of Bavaria. 

Oenibs Pterodactylus, Cuv. — The jaws are provided with 
teeth to their extremities ; all the teeth are long, slender, 
sharp-pointed, set well apart The tail is very short. 

P. longirosiriSy Ok. — About 10 inches in length ; from 
lithographic slate at Pappenheim. P. crassirostynSy Goldf. — 
About 1 foot long ; same locality (fig. 97). P. Kochii, Wagn. 
— 8 inches long; from the lithographic slates of Kehlheim. 
P. meditcSy Must. — 10 inches long; from the lithographic 
slates at Meulenhard. P. grandis, Cuv. — 14 inches long; 
from lithographic slates of Solenhofen. Two small and 
probably immature Pterodactyles, shewing the large cranium, 
short jaws, and unossified sternum, characteristic of such 
immaturity, have been entered as species under the names of 
P. brcvirostris and P. Meyeri. The latter shews the circle of 
sclerotic eye-plates. 

The fragmentary remains of Pterodactyle from British 
oolite — e. ^., Stonesfield slate, usually entered as Pterodactylus 
Bucklandi — indicate a species about the size of a cormorant ; 
but a portion answering to the half of a ramus of the man- 
dible, from this locality, measuring nearly 6 inches in length, 
indicates a much larger species. The crown of one of the 
teeth is 1 inch 2 lines long, and 4 lines broad at the base. 

The evidences of Pterodactyles from the Wealden strata 
indicate species about 16 inches in length of body. Those 
(P. FUtoniy P. Sed{ftvickiiy and P. simus^ Ow.) from the upper 
greensand fonnation, near Cambridge, with neck-vertebrae 2 
inches long, and humeri measuring 3 inches across the proximal 
joint, had a probable expanse of wing of from 18 to 20 feet. 
The P. Cuvie7% Ow., and P. comjyressirosti^is, Ow., from the 



THECODONTIA. 275 

chalk of Kent, attained dimensions very little inferior to those 
of the greensand Pterodactyles. 

With regard to the range of this remarkable order of flying 
reptiles in geological time, the oldest well-known I^rodactyle 
is the Dimorphodon tnacronyx^ of the lower lias ; but bones of 
Pterodacty^le have been discovered in the coeval lias of Wir- 
temberg. The next in point of age is the Dimorphodon Ban- 
thensis^ from the ** Posidonorayen-schiefer *' of Banz in Bavaria, 
answering to the alum shale of the Whitby lias ; then follows 
the P. BuMaiidi from the Stonesfield oolite. Above this 
come the first-defined and numerous species of Pterodactyle 
from the lithographic slates of the middle oolitic system in 
Grermany, and from Cirin on the Ehone. The Pterodactyles 
of the Wealden are as yet known to us by only a few bone« 
and bone fragments. The largest known species are those 
from the upper greensand of Cambridgeshire. Finally, the 
Pterodactyles of the middle chalk of Kent, almost as remark- 
able for their great size, constitute the last forms of flying 
reptile known in the history of the crust of this earth. 

Order VII. — Thecodonts. 

Char, — Vertebral bodies biconcave : ribs of the trunk long 
and bent, the anterior ones with a bifurcate head : 
sacrum of three vertebrae : limbs ambulatory, femur 
with a third trochanter. Teeth with the crown more or 
less compressed, pointed, with trenchant and finely 
serrate margins : implanted in distinct sockets. 

Oeniis Thecodontosaurus. R. and S. 

Sp. Thecodontosaurus arUiquus. — In 1836 certain reptilian 
remains from the " dolomitic conglomerate" at Eedland, near 
Bristol, were described by Messrs. Eiley and Stutchbury.* 

• GreiJogical TraiiRactionfl, 2(1 Beries, vol. v., p. 344. 
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The matrix has been referred to the Permian period ; but it i 
now thought by some good observers to be not older than th< 
triassic. 

The teeth in these reptilian fossils are lodged in distinc 
sockets ; they are arranged in a close-set series, slightly de 
creasing in size towards the posterior part of the jaw ; eacl 
ramus of the lower jaw contained twenty-one teeth. Thes< 
are conical, rather slender, compressed and acutely pointed 
with an anterior and posterior finely-serrated edge, the serra 
tures being directed towards the apex of the tooth ; the oute: 
surface is more convex than the inner one ; the apex is slightly 
recui-ved; the base of the crown contracts a little to form th( 
fang, which is subcylindrical. 

Oenvs PALiEOSAURUS, jR. and S. In the same formation ai 
contained the jaw and teeth of the ThecodorUosaurus two othei 
teeth were separately discovered, differing from the preceding 
and from each other ; the crown of one of these teeth measur 
ing nine lines in length and five lines in breadth; It is com- 
pressed, pointed with opposite trenchant and serrated margins 
but its breadth as compared with its length is so much greatei 
than in the ThecodorUosaurus^ that upon it has been foundec] 
the genus PcdceosaurvSy and it is distinguished by the specific 
name ot platyodoiiy from the second tooth, which is referred tc 
the same genus under the name of Palceosaurus cylindrodon 
The portion of the tooth of the Palceosaurus cylindrodon whicl: 
has been preserved, shews that the crown is subcompressed 
and traversed by two opposite finely-serrated ridges, as in the 
ThecodorUosaurus ; its length is five lines, its breadth at the 
base two lines. 

The vertebrae associated with the two kinds of teeth above 
described are sub-biconcave, with the middle of the body more 
constricted, and terminal articular cavities rather deeper than 
in Teleosaurus; but they are chiefly remarkable for the depth 
of the spinal canal at the middle of each vertebra, where it 
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siuks into the substance of the centrum ; thus the canal is 
wider, vertically, at the middle than at the two ends of the 
vertebra : an analogous structure, but less marked, obtains in 
the dorsal vei-tebrae of the Khynchosaurus from the new red 
sandstone of Shropshire. 

Besides deviating from existing lizards in the thecodont 
dentition and biconcave vertebrae, the Saurians of the dolomitic 
conglomerate also differ in having some of their ribs articulated 
by a head and tubercle to two surfaces of the vertebra, as at 
the anterior part of the chest in crocodiles and Dinosaurs. 
The shaft of the rib was traversed, as in the Protorosaur and 
Rhynchosaur, by a deep longitudinal groove. Some fragmen- 
tary bones indicate obscurely that the pectoral arch deviated 
from the crocodilian, and approached the lacertian or enalio- 
saurian type, in the presence of a clavicle, and in the breadth 
and complicated form of the coracoid. The sacrum includes 
at least three vertebrae. The humerus appears to have been 
little more than half the length of the femur, and to have been, 
like that of the RhynchosaumSy unusually expanded at the 
two extremities. The femur is chiefly remarkable for a third 
process or trochanter, just above the middle of the shaft which 
shews a medullary cavity. The distal condyles are flattened, 
the outer one being the larger; there is a deep depression 
between them posteriorly, and a very slight one anteriorly. 

The tibia, fibula, and metatarsal bones manifest, like the 
femur, the fitness of the Saurians for progression on land. 
The imgual phalanges are sub-compressed, curved downwards, 
pointed, and impressed on each side with the usual curved 
canal. 

The following conclusions may be drawn from the know- 
ledge at present possessed of the osteology of the Thecodonto- 
snuncs and Palceosaunis : in their thecodont type of dentition, 
biconcave vertebnr, double-jointed ribs, and proportionate size 
of the bones of the extremities, they agree with the amphi- 
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cuelian crocodiles ; but tbey combine a diuosaiiriaii femur, a 
lacertiau form of tooth, aud a lacertian stnictui-e of the pec- 
toral and probably pelvic arch with these crocodilian charac- 
ters ; having distinctive modifications, as the moniliform 
spinal canal, in which, however, the almost contemporary 
Rhynchosaur participates. It would be interesting to ascer- 
tain whether the caudal vertebi-se are characterized, as in the 
Thuringian Pi-otorosaur, by double diverging spinous processes. 

GeuiLs Belodon, Von Meyer. 

Sp. Belodan Plieningeri, — The reptile from the upper white 
keuper sandstone of Wiitemberg, described by Plieninger,* 
agrees in its essential characters so closely with the thecodont 
Saurians of the Bristol conglomerate as to add to the proba- 
bility of both belonging to the same lower mezozoic period. 
Three vertebrae are modified to afford adequate attachment to 
the iliac bones in Belodon, and the femur shews the third 
trochanter, aflfording the same evidence of aflinity to Dino- 
muria as in the English Thecodonts. 

Oenus Cladyodon, Ow. 

Sp. Cladyodon Lloydii, — In the Memoir on the Triassic 
Bed Sandstones of Warwick, by Murchison and Strickland, 
published in 1840, in the 2d series of the Geological Transac- 
tions, vol. v., a tooth, which is an extremely rare fossil in those 
English formations, was figured in pi. xxviii, fig. 6. 

Having had the opportunity of studying the original 
specimen and fragments of some others of seemingly the 
same species from the new red sandstones of Warwick and 
Leamington, the writer recognized the aflBnity of the reptile 
possessing those teeth to the thecodont reptiles of the Bristol 
conglomerate, and indicated what appeared to be a generic 

* Wiirtemb. naturf. Jahreshefle, viii., Jahrg. 1857, p. 380. Jaeger's 
PhytosauniB appears to have been founded on casts of the sockets of the teeth 
f^i Belodon. 
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luodificatioii of dental fonn by the term Cladyodon* He 
subsequently received other specimens of the teeth charactei^ 
izing this genus, which may be described as being two-edged, 
sub-compressed ; the sides more or less convex ; the edges 
more or less sharp, and frequently finely serrate ; the crown 
slightly bent sideways, the inner side towards the mouth- 
cavity. The teeth are sometimes lancet-shaped, through con- 
vergence of the edges towards point ; sometimes through one 
edge being convex and the other concave, the crown is slightly 
curved or sickle-shaped ; sometimes, througli use, the point is 
blunted. The enamel is very thin, smooth, shewing under 
the lens a slight longitudinal striation, forming wrinkles. 
The dentine is disposed in concentric layers ; it is not laby- 
rinthic ; the base of the tooth shews a conical pulp-cavity. 
These teeth indicate a Saurian about ten feet in length. 

The writer cannot discern any generic, or even good specific 
distinctions, between the teeth of Cladyodoriy from the Wai> 
wickshire keuper, and those of Belodon fi*om the Wirtemberg 
keuper. Both are nearly allied to the thecodonts of the 
Bristol conglomerate. 

The two following genera are referred provisionally and 
with doubt to the present order : — 

GeniLs Bathygnathus, Leidy. 

Sp. Bathygnathiis horealiSy Leidy. — Allied to the Cladyodoii 
by the shape of the teeth is the Saurian from the new red 
sandstone of Prince Edward's Island, North America, the 
generic and specific characters of which have been deduced 
by Dr. Leidy f frem a portion of lower jaw, containing seven 
teeth, but with interspaces from which others have been lo§t 
The depth of the dentary bone is five inches ; a peculiarity 

* Reports of the BritiMh Association, "Brit. Fossil Reptiles,'* 1841, p. 155. 
(See fuller descriptions, with figures, in Odontography^ pi. 62, A, fig. 4, o, h.) 

t .lournal of tho Acadoniv of Sciences, Philadelphia, vol. ii., p. 327, pi. 
xxxiii. 
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which suggested the generic name {bcUhns^ deep ; gnatlim^ 
jaw). The precise mode of implantation of the teeth is not 
described. 

The fossil was discovered at a depth of 21 feet from the 
surface, in a red sandstone supposed to be of the same age as 
that of Connecticut, so remarkable for the various and singular 
foot-marks, referable, some to reptiles, and others to large 
birds. 

Genm Protorosaubus, Von Meyer. 

Sp. Protorosaurus Speneriy Von M. — ^The first fossil Saurian 
on record is that which marks the circumstance by its generic 
name, and honours its describer by the specific one. The 
slab of "copper-slate" from the Permian beds of Eisenach in 
Thuringia, displaying, either in fossils or impressions, the 
skull, vertebral column, and bones of the fore foot of the 
reptile in question, was figured and described by Spener, a 
physician at Berlin, in 1710.* The original specimen is now 
in the museum of the Eoyal College of Surgeons, London, 
where it forms part of the Hunterian series of fossils-t It 
was obtained from a copper-mine near Eisenach, at a depth of 
100 feet from the surface. 

A second specimen, shewing the two fore-limbs, a hind 
limb, and part of the trunk, was described by link in I7l8.t 
Cuvier gives copies of portions of two other specimens in his 
Ossemens Fossiles,% 

The healthy, honest mind of Spener is shewn by the con- 
clusions which he formed from the state of preservation of 
his specimen — ** omnia, enim, minutissima, etiam apophyses, 
spinae," etc., — and from its association with equally well- 
preserved remains of fishes, and even of the delicate leaves of 
plants — against the notions of those fossils merely simulating, 

* Miscellanea Berolinensia, 4to, i., p. 99, figs. 24 and 25. 

t •• Catalogue of Fossil Reptiles and Fishes," 4to, 1854, p. 80, No. 308. 

I Acta Eruditorani, 1718, p. 188, pi. ii. 

§ E(l. 8vo, 1836, pi. ccxxxvii., figs. 1 and 2. 
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and never having been, the living oi-ganisms which they 
represented — notions which were then advocated under the 
sounding phrase of " plastic force,'' as they have lately been 
under that of " prochronism." Spener's only doubt was, 
whether the reptile had been a crocodile or a lizard ; but he 
inclined to the former view, on account of the proportions of 
the head to the trunk. 

The head equals one-third the length of the neck and 
trunk, and resembles in shape a long, slender, obtusely 
pointed cone ; it has strong straight jaws, armed with sub- 
slender, sub-equal, straight, conical, sharp-pointed teeth ; about 
18 on each side of the upper, and IG on each side of the lower 
jaw, implanted in a single close-set series of sockets. A 
small and short atlas is succeeded by six cervical vertebrae, 
remarkable for their size and strength, the 4th being almost 
one-third the length of the lower jaw ; the Gth and 7th de- 
crease in size, and the 8th supports a rib of the thickness of 
those of the trunk. In the preceding neck-vertebne, the 
ribs present the long and slender characters of the bone ten- 
dons of the neck muscles, with which they are associated in 
function. Fifteen or sixteen vertebra?, about half the length 
of those of the neck, intervene, in Spener^s specimen, be- 
tween the 7th cervical and the sacral vertebne. The sacrum 
equals four of the crushed vertebne in length ; twenty-one 
caudal vertebrae are preserved; but Link's and later ac- 
quired specimens indicate the number to have exceeded forty. 
The neural spines of the anterior caudal vertebrae are rather 
long, sub-quadrate, truncate ; but they gradually expand 
above, and at the 10th caudal a notch appears, which, deep- 
ening as the vertebrae recede from the trunk, divides the spine 
into two equal diverging processes, a structure peculiar to the 
Protorosaur. The haemal arches articulate with the vertebral 
interspaces, and have longer and more slender spines, simply 
expanded at their end. Both fore and hind limbs arc penta- 
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dactyle ; the first shorter thau the last, especially in the fore- 
arm aiid hand ; both bearing to each other, and to the entire 
body, nearly the proportions of those of the Monitor lizards, 
but with the hind limbs proportionally longer, and the bones 
of both limbs thicker and stronger. There are eight cai-pal, 
and six tarsal bones. The digits of the hand present, from 
the innermost outward, including the metacarpals 3, 4, 5, 6, 
4, bones, respectively ; the digits of the foot include 3, 4, 5, 
6, 5, bones. 

Of existing reptiles, the large carnivorous Varanian moni- 
tors (Varantis, Hydrosaurus, e,g) offer most resemblance to 
the Protorosaurus ; which had evidently the same powers of 
progression, as well on land as in water. But this oldest 
known Uzard presented a more powerful and complex frame- 
work. The neck is longer and stronger, the vertebrae rivalling 
in proportion those of the Pterodactyles ; the head is rela- 
tively larger, and with more firmly fixed teeth ; the dorsal 
spines are loftier and larger than in modem monitors ; the 
larger sacrum accords with the relatively larger and stronger 
hind limbs. The more numerous diverging processes for the 
attachment of the tail-muscles bespeak the more vigorous 
actions of that part. All the vertebral bodies have sub-con- 
cave articular ends ; and it may be concluded, from the length 
and strength of the tail, from the peculiar provision for 
muscular attachments in that part, and fix)m the proportions 
of the hind limbs, that the Protorosaurus was of aquatic habits, 
and that the strength of its neck and head, and the sharp- 
ness of its teeth, enabled it to seize and overcome the struggles 
of the active fishes of the waters which deposited the old 
Thuringian copper-slates. 

At Elgin, in Scotland, in a fine-grained whitish sandstone, 
cemented by carbonate of lime, situated between " Old Eed'* 
and ** Purbeck" formations, and i*esting conformably upon th(^ 
former, evidences of Saurian (Crocodilian and Lacertian) 



THECODONTIA. 283 

reptiles, cliamcteristic of triassic time, have been discovered. 
The remains of the lai'ge reptile, with pitted bony dermal 
scales, had been, on their first discovery, referred to a genus 
of fishes by Ageissiz, luider the name of Stago^wlepis^ or "pitted- 
scale,*' probably from tlie belief that the formation belonged 
to the "Old Red System." I determined the crocodilian 
nature of the scales, and the affinity of the reptile to the 
Thecodonts, in the breadtli of the coracoid or pubis as shewn 
by the cast of the bone, at the meeting of the British Associa- 
tion at Leeds, in September 1858. T have since been favoured 
by Mr. P. Duff, of Elgin, with a tooth. It is « thecodont " in 
character, like that of Cladyodon^ and is associated with scales 
of Stagonolepis : which, by the confluence of the pits into 
irregular channels, radiating towards the margin, present a 
labyrinthodont character. 

In the same sandstone, in the quarry at Cummingstone, 
near Elgin, a continuous series of thirty-four foot-prints have 
been observed. The impressions are in pairs, forming two 
parallel rows, the hind one being one inch in diameter. 

I had some years before determined the true saurian 
nature of the impression of the skeleton of the trunk and part 
of the head of a small reptile discovered by Mr. Duff at 
Spynie, and noticed by him in the ** Elgin Courant" of 
October 10th, 1851, as evidence of an air-breathing vertebrate 
in ** Old Red Sandstone." The specimen was submitted by 
Mr. Duff to my examination, the result of which was given, 
December 15, 1851, in the ** Literary Gazette " of that week, 
as follows : — 

** It is the impression, in two pieces, of a grey variety of 
the old red sandstone, of a long and slender four-footed 
vertebrate animal, four inches and a half in length, clearly 
belonging, by the form, proportions, and positions of the 
scapular and pelvic arches, and their appended limbs, to the 
vpptilian (.'la.S8. The osseous substance has disappeared ; the 
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cavities in the sandstone which contained it i*emain, stained 
by a deposit of an ochreous tint. The impressions are so well 
defined, as clearly to shew that there were twenty-six verte- 
brae between the skull and sacrum, two sacral vertebrae, and 
thirteen caudal vertebrae, before the tail disappears by dipping 
into an unexposed part of the matrix. Impressions of 
twenty-one pairs of ribs are preserved, all very slender, short 
where they commence near the head, but rapidly gaining 
length as they are placed further back. The cervical and 
anterior ribs are expanded, but not bifurcate, at their vertebral 
end ; all the ribs ieurticulate close to the bodies of the vertebrae. 
In the crocodilian reptiles the anterior ribs are bifurcate, and 
the posterior ones, with a simple head, articulate with long 
diapophyses. The distinctive characters of the batrachian 
skeleton are the double occipital condyle ; ribs wanting, or 
very short and subequal ; a single sacral vertebra, and rib- 
shaped ilium. The first character cannot be determined, the 
occipital articulation not being preserved in the fossiL Instead 
of the second character, the fossil shews ribs of varied length, 
and most of them much longer than in the salamanders, newts, 
or any known Batrachian. With regard to the third character, 
the impression in the matrix clearly shews two sacral vertebrae 
and a short subquadrate pelvis. 

**Both the humerus and the femur shew the lacertian 
sigmoid shape, and near equality of length, which distinguish 
them alike from the crocodilian and batrachian orders ; they 
are likewise, as in lizards, relatively longer than in the newts 
and salamanders. Near the imperfect impression of the head 
may be seen the hollow bases of some large, slightly-com- 
pressed, conical teeth, which also tell for the saurian and 
against the batrachian nature of this ancient reptile. I propose 
to call it Lqitopleuron lacertinum* Many particulars of minor 
import, bearing upon the more immediate affinities of this 
♦ JiOptoF, slender ; pleuron, rib. 
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most rare and interesting fossil, have been noted, and will be 
given, with the figures, in my History of British Fossil Reptiles, 
for which work Mr. Duflf , has kindly consented to place the 
specimen at my disposal. In the meanwhile, I beg to offer 
the above prScis of the main characters of the fossil. — Richard 
Owen." 

Other Palaeontologists regarded the fossil as a batrachian 
reptile ; but no evidence, osteological or dental, has been 
pointed out in support of this view. 

With regard to the geological age of the matrix, the author 
has remarked, in the article ** Palaeontology," where the belief 
of some eminent geologists on the Devonian age of the stratum 
is quoted — ** As yet, however, no characteristic Devonian or 
* Old Red ' fossils of any class have been discovered associated 
with the foregoing evidences of reptiles, which, according to 
the determination of strata by characteristic fossils, would 
belong to the secondary or mezozoic period."* The sum of 
subsequent evidence, including Rhynchosaiirus with Lepto- 
pleuron and Stagonolepis, testifies to the triassic age of the 
sandstones in question. 

Order VIIL — Dinosauria. 

Cfuir. — Cervical and anterior dorsal vertebrae with par- and 
di-apophyses, articulating with bifurcate ribs ; dorsal 
vertebrae with a neural platform, sacral vertebrae ex- 
ceeding two in number ; body supported on four strong 
unguiculate limbs. 

The well-ossified vertebrae, lal^e and hollow limb-bones, 
and tritrochanterian femora of the thecodont reptiles of the 
Bristol conglomerate, together with the structure of the sacral 
vertebrae in the allied Belodon^ indicate the beginning, at the 

• Encyclopiedia Britannica, vol. xxii., p. 130. 
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triassic period, of an order of Reptilia which acquired its 
full development and typical characteristics in the oolitic 
period. 

Gmus ScELiDOSAURUS, Ow. — The eariiest evidence of a 
true Dinosaur is that on which the present genus was founded : 
it consists of the largest proportion of the skeleton hitherto 
obtained of any terrestrial herbivorous reptile. These inter- 
esting remains were discovered by John Harrison, Esq. of 
Charmouth, in the upper member of the lower lias on that 
part of the Dorsetshire coast. The cranium shews the lacer- 
tian T-shaped parietal, short and wide temporal fossae, and 
orbits bounded above by post-frontal, super-orbital, and pre- 
frontal bones, the mid-frontals being excluded from the orbital 
boundary. The malar and squamosal form a strong zygo- 
matic arch below, and distinct from that formed by the post- 
frontal and mastoid. Both upper and lower jaws are traversed 
by a longitudinal ridge, from which the alveolar plates bend 
inwards as they approach each other. The upper teeth pass 
outside the under teeth when the mouth is closed. They are 
sub-equal, and implanted in close-set sockets, so that the ex- 
panded crowns slightly overlap each other. In Scelidomvrus 
the crown diminishes in thickness to the apex, but gains in 
breadth along its basal half, when the margins converge 
straight to the pointed apex ; these margins are sen-ate, the 
basal denticle being the largest. The femur is long, with a 
wide medullary cavity, and the third inner trochanter. Both 
tibia and fibula articulate with the condyles at the knee- 
joint There are four digits to the hind foot, with broad, de- 
pressed, obtuse claw-bones ; the number of bones, including 
the metatarsal, in each toe, is respectively, 3, 4, 5, 6 ; the fifth 
or outermost toe is reduced to a rudiment of the metatarsal. 

Genus Megalosaurus, Bkld. — The true dinosaurian cha- 
racters of this reptile have been established by the discovery 
of the sacrum, which consists of five vertebr*e, interlocked by 
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the alternating position of neural arch and centnini. The 
articular surfaces of the free vertebrae are nearly flat ; the 
neural arch develops a platform which in the anterior dorsals 
supports very long and strong spines. 

The compressed piercing and trenchant form of tooth 
which characterizes the existing varanian lizards was mani- 
fested by the Megalosaurtis, The specimen which is most 
illustrative of the dental peculiarities of this gigantic reptile 
is a portion of the lower jaw with a few teeth, from the oolitic 
slate of Stonesfield, Oxfordshire. The first character which 
attracts attention in this fossil is the inequality in the height 
of the outer and inner alveolar walls ; a similar inequality 
characterizes the jaws of almost all the existing lizards. But 
in these the oblique groove, so bounded, to which the bases of 
the developed teeth are anchylosed, is much more shallow, and 
is relatively wider ; and the teeth in all the stages of growth 
are completely exposed when the gum has been removed. 

In the Megahmwrus the greater relative development of 
the inner alveolar wall, as compared with the dentigerous part 
of the jaw in existing Saurians, deepens the dental groove, and 
covers a greater proportion of the bases of the teeth, besides 
concealing more or less completely the germs of their succes- 
sors. Moreover, instead of the mere shallow impressions upon 
the inner side of the outer alveolar plate to which the teeth 
are attached in modem lizards, there are distinct sockets 
formed by bony partitions connecting the outer with the inner 
alveolar wall in the jaw of the Megalosaurus. These parti- 
tions rise from the outer side of the inner alveolar wall in the 
form of triangular vertical plates of bone, and from the middle 
of the outer side of each plate a bony partition crosses to the 
outer parapet, completing the alveoli of the fully-formed or 
more advanced teeth ; the series of triangular plates forming 
a kind of zig-zag buttress along the inner side of those alveoli. 
The out^r parapet rises an inch higher than the inner one. 
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Fig. 98 exhibits a portion of another jaw of the Megalo- 




Fig. 98. 
Section of jaw with teeth of the Megalosaurwi Bucldandi, nat. bize. 
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sauruSy also from Stonesfield oolite, from which the inner wall 
has been removed to shew the germ of a successional tooth c, 
about to succeed an old tooth a, which has been broken, and 
near to which is a newly-formed tooth 6, coming into place. 
These teeth will exemplify the shape of the crown of the tooth, 
which is subcompressed, slightly recurved, sharp edged, and 
sharp pointed, the edges being minutely serrated ; the edge 
upon the convex or front border b becomes blunted as it 
descends about two-thirds of the way towards the base of the 
tooth ; that upon the concave hinder border a is continued to 
the base. The lower half of the crown is thicker towards the 
fore mai^in than towards the hind one ; so that a transverse 
section, like that above a, in fig. 98, gives a narrow oval form 
pointed behind. The crown is covered by a smooth and 
polished enamel, which wholly forms the marginal serrations. 
The base of the tooth is coated with a smooth, light-coloured 
cement, forming a thin layer, and becoming a little thicker 
towards the implanted end of the tooth. The main body of 
the tooth consists of dentine, of that hard unvascular kind of 
which the same part of the teeth of existing crocodiles and 
most mammals is composed. The remains of the pulp are 
converted into osteo-dentine in the basal part of the com- 
pletely formed tooth. Moderately magnified, the surface of 
the enamel presents a finely wiinkled appearance. The 
marginal serrations shew, under a somewhat higher power, 
that the points are directed towards the apex of the tooth — 
a structure well adapted for dividing the tough tissues of the 
saurian integument. 

A series of teeth from individual Megalosaurs, of different 
ages, are preserved in the British Museum and in the geolo- 
gical museum at Oxford ; although differing in size, they 
preserve the characteristic form above described. In one 
specimen the point of the crown and the trenchant margins 
have been rubbed down to a smooth obtuse surface ; it seems 

u 
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to have come from the hinder part of the dental series, where 
the teeth may have been smaller and less sharp, or more 
liable to be blunted by a greater share in the imperfect act of 
mastication, than the teeth in advance. 

Successional teeth in different stages of growth are shewn 
in the original portion of jaw of the Megalosaur in the Oxford 
museum. Some, more advanced, shew their crowns projecting 
from alveoli already formed by the plates extending across 
from the triangular processes before described: vacant socket43, 
from which fully-formed teeth have escaped, occur, generally 
in the interv^als between these more advanced teeth. The 
summits of less developed teeth are seen protruding at the 
inner side of the basal interspaces of the triangular plate, 
between them and the true internal alveolar parapet. In 
the course of the development of these teeth, corresponding 
changes take place in the jaw itself, by which new triangular 
plates and alveolar partitions are formed, as the old ones 
become absorbed ; analogous to those concomitant changes 
in the growth and form of the teeth, alveoli, and jaws, 
which take place in so striking a degree in the elephant. 
The peculiarity of the Megalosaur, as compared with the 
crocodiles and lizards, which have a like endless succession of 
teeth, is the dee])er position of the sucoessional tooth (fig. 98, 
c), in relation to the one (a) it is destined to replace, and the 
great proportion of the tooth which is formed before it is pit>- 
truded. The anterior tooth a in this specimen shews at the 
inner side of its base the commencing absorption stimulated 
by the enci-oaching capsule of the successional tooth c below, 
the crown of which is completed externally, though not con- 
solidated. On one of the fractured margins of this piece of jaw, 
a part of the basal shell of an absorbed and shed tooth remains, 
with part of the root of the successional tooth, which has risen 
into place, but which shews its base full of matrix, the pulp 
not having been calcified at that period of the tooth's growth. 
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lu the proportion of the successioiial teeth whieli is fonned 
ill the formative cavity in the substance of the jaw, the Mega- 
losaur offers a closer resemblance to the mammalian class 
than do any of the recent or extinct crocodilian or lacertian 
reptiles. But the evidence of uninterrupted and frequent 
succession of the teeth in the Megalosaur is imequivocal ; 
and this part of the dental economy of the great carnivorous 
reptile is strictly analogous to that which governs the same 
system in the existing members of the class. Tlie different 
forms of the teeth at different stages of protrusion did not fail 
to attract the attention of the gifted discoverer of the great 
predatory saurian, in whose words this notice of its dentition 
may be fitly concluded : — 

** In the structure of these teeth we find a combination of 
mechanical contrivances analogous to those which are adopted 
in the construction of the knife, the sabre, and the saw. When 
first protruded above the gum, the apex of each tooth presented 
a double cutting edge of serrated enamel. In this stage its 
position and line of action were nearly vertical ; and its form, 
like that of the two-edged point of a sabre, cutting equally on 
each side. As the tooth advanced in growth, it became curved 
backwards in the form of a pruning-knife, and the edge of 
serrated enamel was continued downwards to the base of the 
inner and cutting side of the tooth, whilst on the outer side a 
similar edge descended, but a short distance from the point ; 
and the convex portion of the tooth became blunt and thick, 
as the back of a knife is made thick for the purpose of pro- 
ducing strength. The strength of the tooth was further in- 
creased by the expansion of its side. Had the serrature 
continued along the whole of the blunt and convex portion of 
the tooth, it would in this position have possessed no useful 
cutting power ; it ceased precisely at the point beyond which 
it could no longer be effective. In a tooth thus formed for 
cutting along its concave edge, each movement of the jaw 



292 PALiBONTOLOGy. 

combined the power of the knife and saw ; whilst the apex, 
in making the first incision, acted like the two-edged point of 
a sabre. The backward curvature of the full-grown teeth 
enabled them to retain, like barbs, the prey which they had 
penetrated. In these adaptations we see contrivances which 
human ingenuity has also adopted in the preparation of 
various instruments of art.''* 

The oldest known beds from which any remains of Megalo- 
murus have been obtained are at the lower oolites at Sdsby 
Hill, and Chipping-Norton, Gloucestershire. Abundant and 
characteristic remains occur in the Stonesfield slate, Oxford- 
shire. Teeth of this genus have been foimd in the Combrash 
and Bath oolite ; both teeth and bones are common in the 
Wealden strata and Purbeck limestone. Some of these fossils 
indicate a reptile of at least 30 feet in length. 

Oenvs HYLiEOSAURUS, MtlL — Eemains of the Dinosaurian 
80 called have hitherto been found only in Wealden strata, as 
at Tilgate, Bolney, and Battle. The most instructive evidence 




Fig. 99. 
JTyUeotaurui (Wealden). 

is that which was exposed by the quarryraen of the Wealden 
stone at Tilgate, and was obtained and described by Mantell 

* Buckland, *' Bridgewater Treatise, p. 236. 
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in 1832. It consisted of a block of stone measuring 4i^ feet 
by 2^ feet (fig. 99), and included the following parts of the 
skeleton in almost natural juxtaposition : — io» anterior verte- 
brae, the first supporting part of the base of the skull ; several 
ribs, 4, 4 ; some enormous dermal bony spines, 5, 6, 6, which 
supported a strong defensive crest along the back ; two cora- 
coids, 7, 7 ; scapulae, 8, 8 ; and some detached vertebrae and 
fragments of bones. In 1841 the writer shewed that the 
sacrum was dinosaurian, and included five vertebrae. 

The teeth are relatively small, close-set, thecodont in im- 
plantation, with a subcylindrical fang and a subcompressed 
slightly expanded and incurved crown, with the borders of 
the apical half straight and converging to the blunt apex, 
but not serrate as in Scelidosaurus. They indicate rather a 
mixed or vegetable diet than a carnivorous one. The skin 
was defended by subcircular bony scales. The length of the 
Hylaeosaur may have been 25 feet. 

Oeniis Iguanodon, MtlL — Remains of the large herbivor- 
ous reptiles of this genus have been found in Wealden and 
neocomian (greensand) strata. Femora, four feet in length, 
shewing the third inner trochanter, have been discovered. 
The sacrum included five, and in old animals six, vertebrae ; 
the claw-bones are broad, flat, and obtuse. There were only 
three well-developed toes on the hind foot ; and singular lai^e 
tridactyle impressions in the Wealden at Hastings, have been 
conjectured to have been made by the Iguanodon. 

With vertebrae, subconvex anteriorly in the neck, but 
along the rest of the trunk subconcave at both articular 
extremities ; having, in the dorsal region, lofty and expanded 
neural arches, and doubly articulated ribs, and characterized 
in the sacral region by their unusual number and complica- 
tion of structure ; with a Lacertian pectoral arch, and 
unusually large bones of the hind limbs, excavated by large 
medullary cavities, and adapted for terrestrial progression ; — 
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the fyiianodon was distinguished by teeth, resembling in 
shape those of the Iguana, but more so those of ScelidosauruSj 
yet in structure differing from the teeth of tliat and every 
other known reptile, and unequivocally indicating the former 
existence in the Dinosaurian order of a gigantic representative 
of the small group of living lizards which subsist on vegetable 
substances. 

The important difference which the fossil teeth presented 
in the fonn of their grinding surface was pointed out by 
Cuvier,* of whose description Dr. Mantell adopted a con- 
densed view in his Illustrations of the Geology of Sussex, 
4to, 1827, p. 72. The combination of this dental distinction 
with the vertebral and costal charactei*s, which prove the 
Iffuanodon not to have belonged to the same group of Saurians 
as that which includes the Iguana and other modem lizards, 

rendered it highly 
desirable to ascer- 
tain by the improved 
modes of investigat- 
ing dental structure, 
the actual amount of 
correspondence be- 
tween the Iguanodon 
and Iguana in this 
respect This has 
been done in the 
author's general de- 
scription of the teeth 
of reptiles, t from 
which the following notice is abridged : — The teeth of the 
Iguanodon (fig. 100), though resembling most closely those of 
the Iguana, do not present an exact magnified image of them, 

♦ Ossemens FoBsiles, 1824, vol. v., pt. ii., p. 351. 
t Odontography, pt. ii., p. 249 ; Transactions of the British Association, 1B38. 





Fig. 100. 

Front and side views of a tooth of the lower jaw 
of the Iguanodon, nat. size. 
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but differ in the greater relative thickness of the crowii, its 
more complicated external surface, and, still more essentially, 
in a modification of the internal structure, by which the 
Igtuinodon equally deviates from every other known reptile. 

As in the Iguana, the base of the tooth is elongated and 
contracted ; the crown expanded and marginally notched ; 
when first formed it is acuminated, compressed, its sloping 
sides serrated, and one surface, external in the upper jaw, 
internal in the lower jaw, is traversed by a median longi- 
tudinal ridge, and coated by a layer of enamel ; but beyond 
this point the description of the tooth of the Iguanodon 
indicates characters peculiar to that genus. The median 
ridge is most produced in the teeth of the upper jaw, and 
on each side of it, in both upper and lower teeth, are 
one or two lower ridges ; these are separated from each 
other and from the serrated margins of the crown by wide 
and smooth longitudinal grooves. The marginal serrations 
which, at first sight, appear to be simple notches, 
as in the Iguana, present under a low magnify- 
ing power (fig. 101), the form of transverse 
ridges, themselves notched, so as to resemble 
the mammilated margins of the unworn plates 
of the elephant's grinder. The base of the FigTioiT 
crown soon contracts to a roimd, bent, smooth Marginal ridges 
fang. These did not merely adhere to the inner of the Iguano- 
side of the alveolar parapet, as in the Iguana, ^^^' ™*^°* 
but were placed in separate alveoli ; such support being 
indispensable to teeth so used and worn by mastication as 
those of the Igtuinodon, 

The apex of the tooth soon begins to be worn away, and 
it would appear, by many specimens, that the teeth were re- 
tained until nearly the whole of the crown had yielded to 
the daily abrasion. In these teeth, however, the deep excava- 
tion of the remaining fang plainly bespeaks the pi*ogrcss of 
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the successional tooth prepared to supply the place of the 
worn-out grinder. At the earlier stages of abrasion a sharp 
edge is maintained at the ridged part of the tooth by means 
of the enamel which covers that surface of the crown ; the 
prominent ridges upon that surface give a sinuous contour to 
the middle of the cutting edge, whilst its sides are jagged by 
the lateral serrations. 

When the crown is worn away beyond the enamel, it pre- 
sents a broad and nearly horizontal grinding surface (fig. 102), 
and now another dental substance is brought into use, to give 
an inequality to that surface ; this is the ossified remnant of 
the pulp, which, being firmer than the surrounding dentine, 
forms a slight transverse ridge in the middle of the grinding 
surface ; the tooth in this stage has exchanged 
the functions of an incisor for that of a molar, 
and is prepared to give the final compression, or 
comminution, to the coarsely divided vegetable 
matters. The marginal edge of the incisive con- 
Fig. 102. dition of the tooth and the median ridge of the 
A worn tooth of molar stage are more effectually established by 
t e guan on. ^^^ introduction of a modification into the texture 
of the dentine, by which it is rendered softer than in the ex- 
isting IguansB and other reptiles, and more easily worn away. 
This is effected by an arrest of the calcifying process along 
certain cylindrical tracts of the pulp, which is thus con- 
tinued, in the form of medullary canals, analogous to those in 
the soft dentine of the Megatherium's grinder, from the central 
cavity, at pretty regular intervals, parallel with the dentinal 
tubes, nearly to the surface of the tooth. The medullary canals 
radiate from the internal (upper jaw) or external (lower jaw) 
sides of the pulp-cavity, and are confined to the dentine form- 
ing the corresponding walls of the tooth. This modification 
must contribute in producing that inequality of texture and 
of density which the broad and thick tooth of the Igtcanodon 
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required as a triturating instniment The enamel covers 
only the harder dentine, forming the ridged side of the 
tooth. The adaptation of this admirable dental instrument 
to the cropping and comminution of such tough vegetable 
food as the CUUhraricc and similar plants, which are foimd 
buried with the Iguanodon, is pointed out by Dr. Buckland, 
with his usual felicity of illustration, in his Bridgewater 
Treatise, vol. i, p. 246. 

But the microscopical examination of the structure of the 
IguanodorCs teeth has contributed additional evidence of the 
perfection of their adaptation to the offices to which their 
more obvious characters had indicated them to have been 
destined. 

To preserve a trenchant edge, a partial coating of enamel 
is applied ; and, that the thick body of the tooth might be 
worn away in a more regularly oblique plane, the dentine is 
rendered softer as it recedes from the enamelled edge, by the 
simple contrivance of arresting the calcifying process along 
certain tracts of the opposite wall of the tooth. When attri- 
tion has at length exhausted the enamel, and the tooth is 
limited to its function as a grinder, a third substance has been 
prepared in the ossified remnant of the pulp to add to the 
efficiency of the dental instrument in its final capacity. And 
if the following reflections were natural and just, after a re- 
view of the external characters of the dental organs of the 
IgvunodoTiy their truth and beauty become still more manifest 
as our knowledge of their subject becomes more particular 
and exact : — 

*" In this curious piece of animal mechanism we find a 
varied adjustment of all parts and proportions of the tooth to 
the exercise of peculiar fimctions, attended by compensations 
adapted to shifting conditions of the instrument during dif- 
ferent stages of its consumption. And we must estimate the 
works of nature by a different standard from that which we 
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apply to the productions of human art, if we can view such 
examples of mechanical contrivance, united with so much 
economy of expenditure, and with such anticipated adapta- 
tions to varying conditions in their application, without feel- 
ing a profoimd comdction that all this adjustment has resulted 
from design and high intelligenca" 

Besides the various localities of the Wealden strata in 
England and Grermany, remains of the Igibaiiodon have been 
found in the Upper Greensand near Cambridge and near 
Maidstone. 

AU trace of dinosaurian reptiles disappears in the cre- 
taceous series. 

Order IX. — Crocodilia. 

Char. — Teeth in a single row, implanted in distinct sockets ; 
external nostril single and terminal or sub-terminal. 
Anterior trunk vertebrae with par- and di-apophyses, 
and bifurcate ribs ; sacral vertebrae two, each supporting 
its own neural arch : this arch usually articulated by 
suture. Skin protected by bony, usually pitted, plates. 

The extinct reptiles of this order have given evidence of 
its nature and extent, of which the few surviving forms 
afforded no suspicion. No less than three well-marked modi- 
fications of the vertebral joints of the back-bone have been 
recognized in the great series of Crocodilian reptiles, now 
embraced in a view which goes back to the beginning of the 
mezozoic period. 

In one family both articular surfaces, a and J, of the cen- 
trum or vertebral body are concave, as indicated by the dotted 
lines in fig. 103, x ; and the term ' amphicoelia,' meaning 
cupped at both ends,* expresses this character. In a second 
family the front surface (i6. i, a) is convex, the hind one, Z>, 
concave : this modification is expressed by the terai * opistho- 

* Amphi, both ; koilos, hollow ; the vertebra being hollowed at both ends. 
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coelia,' cupped behind.* In a third family the front surface 
(ib. 3, a) is concave, the hind one convex ; this character is 
expressed by the term 'procoelia,' cupped in front t All 





Fig. 103. 

1 . Teleosfturas brevirostris, Ow. ^ Upper LiaSt Whitby. 

2. Streptospondylofl Cuvieri, V. M. ; Upper OoUte, Honfleur. 

3. Crocodilas toliapicus, Cuv. ; Eocene, Sheppjr. 

4. Dolichosannis loogicollis, Ow.; Chalk, Sussex. 

5. Palnophis toliapicus, Ow. ; Eocene^ Sheppy. 

6. Laophis Crotaloides, Ow. ; Tertian, Salonica. 

existing and tertiary crocodilians are proccelian. The zyga- 
pophysis, Zy by the upward or inward aspect of its articular 
surface, marks the fore part of the vertebra. 

Sub-Order 1. — ^Amphiccelia. 

Crocodiles closely resembling in general form the long 
and slender-jawed kind of the Ganges called "gavial" or 
"gharrial," existed from the time of the deposition of the 
lower lias. 

Their teeth were similarly long, slender, and sharp, adapted 

* Opisthoa, behind ; kailoi, hollow ; yertebra concave behind, convex or flat 
in front. 

t -?Vm, front ; kaUos, hollow ; vertebra with the cup at the fore part and the 
ball behind. 



300 PALiEONTOLOGY. 

for the prehension of fishes ; and their skeleton was modified 
for more eflScient progress in water by the vertebral surfaces 
being slightly concave, by the hind limbs being relatively 
larger and stronger, and by the orbits forming no prominent 
obstruction to progress through water. From the nature of 
the deposits containing the remains of the so-modified cro- 
codiles, they were marine. The fossil crocodile from the 
Whitby lias, described and figured in the Philosophical Trans- 
actions, 1758, p. 688, is the type of these amphicoelian species. 
They have been grouped under many generic heads: — e.^., 
Teleosaurvs, Sten-eosaumSy Mystriosaurus, DakosaurvSy Macro- 
spandyliLSy MassospondyluSy PcecUopleuron, Pelagosaurus, jEoh- 
doTiy Sv^hosaumSy GoniopJioliSy etc., and they range from the 
lias to the chalk inclusive. 

Siichosaurtis of the Wealden is characterized by the com- 
pressed crown and trenchant margins of the teeth ; Gonio- 
pholis, of the Purbeck beds, by some of the dermal scales 
having the same peg-and-pit interlocking as in the scales of 
the ganoid fish in fig. 71. 

Sub' Order 2. — Opisthocoslia. 

The small group of Crocodilia so called is an artificial one, 
based upon more or less of the anterior trunk vertebrae being 
united by ball-and-socket joints, but having the ball in front, 
instead of, as in modem crocodiles, behind. Cuvier first 
pointed out this peculiarity* in a Crocodilian from the Ox- 
fordian beds at Honfleur, and the Kimmeridgian at Havre. 
The writer has described similar opisthoccelian vertebrsB from 
the great oolite at Chipping Norton, from the upper lias of 
Whitby, and, but of much larger size, from the Wealden for- 
mations of Sussex and the Isle of Wight. These specimens 
probably belong to the fore part of the same vertebral colunm 
as the middle dorsal vertebrae, flat at the fore part, and 

* Annales do Mne^am, torn, xii., p. S3, pis. x., xi. 
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slightly hollow behind, on which is founded the genus 
Cetiosaw'us.* The smaller opisthocoelian vertebrae described 
by Cuvier have been referred by Von Meyer to a genus called 
Streptospondylus. 

In one species from the Wealden, dorsal vertebrae measuring 
8 inches across are only 4? inches in length, and caudal verte- 
brae nearly 7 inches across are less than four inches in length. 
These characterize the species called Cetiosaurus brevis. t 

Caudal vertebrae measuring 7 inches across and 5^ inches 
in length, from the lower oolite at Chipping Norton, and the 
great oolite at Enstone, represent the species called Cetiosav/rus 
mediiis. 

Caudal vertebrae from the Portland stone at Garsington, 
Oxfordshire, measuring 7 inches 9 lines across and 7 inches in 
length, are referred to the Cetiosaurus longus. The latter must 
have been the most gigantic and whale-like of Crocodilians. 

Dentition of Crocodiles. — The teeth of both the existing 
and extinct crocodilian reptiles consist of a body of compact 
dentine, forming a crown covered by a coat of enamel, and a 
root invested by a moderately thick layer of cement The 
root slightly enlarges or maintains the same breiuith to its 
base (fig. 106, a), which is deeply excavated by a conical pulp- 
cavity extending into the crown, and is commonly either per- 
forated or notched at its concave or inner side. 

The tooth-germ c (figs. 104 and 105) is developed fix)m 
the membrane covering the angle between the floor and the 
inner wall of the socket. The matrix of the young growing 
tooth affects, by its pressure, the inner wall of the socket, 
and forms for itself a shallow recess ; at the same time it 
attacks the side of the base of the contained tooth ; then, gain- 
ing a more extensive attachment by its basis and increased 

• " Report on British Fossil Reptiles," Trans. Brit. Assoc, for 1841, p. 96. 

t They have since been referred to the dinosaurian order under the name of 
Pfhroiaurus, but without any evidence of the tme sacral characters of that 
order ; the cavities of long bones are common to Crocodilians and Dinosaurs. 
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size, it penetrates the large pulp-cavity of the previously 
formed tooth either by a circular or semicircular perforation. 
The size of the perforation in the tooth, and of the depression 
in the jaw, proves them to have been in great part caused by 
the soft matrix, which must have produced its effect by exciting 
absorbent action, and not by mere mechanical force. The 
resistance of the wall of the pulp-cavity haAing been thus 
overcome, the growing tooth and its matrix recede from the 
temporary alveolar depression, and sink into the substance 

of the pulp contained in the 
cavity of the fully-formed tooth. 
As the new tooth grows, 
the pulp of the old one is re- 
moved ; the old tooth itself is 
next attacked, and the crown, 
being undermined by the ab- 
sorption of the inner surface of 
its base, may be broken off by 
^\^ a slight external force, when 
the point of the new tooth is 
exposed. The new tooth dis- 
embarrasses itself of the cylin- 
drical base of its predecessor 
(fig. 104, a) with which it is 
sheathed, by maintaining the excitement of the absorbent 
process so long as the cement of the old fang retains any vital 
connection with the periosteum of the socket ; but the frail 
remains of the old cylinder, thus reduced, are sometimes lifted 
out of the socket upon the crown of the new tooth (as in fig. 
104j, a), when they are speedQy removed by the action of the 
jaws. No sooner has the young tooth (fig. 105, h) penetrated the 
interior of the old one (fig. 105, a) than another germ c, begins 
to be developed in the same relative position as that in which 
its predecessor began to rise, and the processes of succession 




Fig. 104. 

Section of jaw with teeth of the 
Alligator. 
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and displacement are carried on uninterruptedly throughout 
the long life of these cold-blooded carnivorous reptiles. 

From the i)eriod of exclusion from the egg, the teeth of 
the crocodile succeed each other in the vertical direction ; none 
ai*e added from behind forwards like the true molars in Mam- 
malia. It follows, therefore, that the number of the teeth of 
the crocodile is as great when it first sees the light as when it 
has acquired its full size ; and, owing to the rapidity of their 
succession, the cavity at the base of the fully-formed tooth is 
never consolidated. 

In most of the extinct species of Crocodilians the teeth are 
characterized by more numerous and strongly developed longi- 
tudinal ridges upon the enamelled crown, than in the recent 
species ; and they are commonly longer, more slender, and 
sharp-pointed. But in one of the crocodiles with sub-biconcave 
vertebrae {Goniopholia crassidens), from the Wealden formation 
and Purbeck limestone, the teeth have crowns which are as 
round and as thick in proportion to their length as in the 
recent crocodiles or alligators. 

The more ancient crocodiles, from the Oolite and lias, 
called Steneosauri and Teleosauri, had jaws like those of the 
modem gavials, but sometimes longer and more attenuated, and 
armed with more numerous, equal, and slender teeth, adapted 
for the capture of fishes, which appear to have been the only 
other vertebrate animals existing at those periods in numbers 
sufl&cient to yield subsistence to carnivorous marine Saurians. 

In all the Teleosauri the teeth are more slender, less com- 
pressed, and sharper pointed than in the gavial; they are 
slightly recurved, and the enamelled crown is traversed by 
more numerous and better defined ridges — two of which, on 
opposite sides of the crown, are larger and more elevated than 
the rest The fang is smooth and cylindrical The teeth of 
the Steneosauri^ or extinct crocodiles with long and slender 
jaws but with subterminal nostrils, diflfer from those of the 
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TeUosauri in being somewhat thicker in proportion to their 
length, and larger in proportion to the jaws. 

The fossil jaws of the extinct Crocodilians demonstrate 
that the same law r^ulated the succession of the teeth at the 
ancient epochs when those highly-organised reptiles prevailed 
in greatest numbers, and under the most varied generic and 
specific modifications, as at the present period, when they are 
reduced to a single family composed of so few and slightly 
varied species as to have constituted in the system of linnseus 
a small fraction of the genus Lacerta. 

The large, thick, externally ridged or pitted scutes, though 
common to the Crocodilian order, are not peculiar to them. 
The labyrinthodont Rhombopholis^^ and the thecodont Stagono- 
lepis, have left similar petrified scutes. 

Sub- Order 3. — Procoslia. 

All existing Crocodilians are proccelian. The best and 
most readily recognizable characters by which they are 
grouped in appropriate genera are derived from modifications 
of the dental system. 

In the caimans (genus AlligcUor) the teeth vary in number 
from j^g to 1^ ; the fourth tooth of the lower jaw or canine, 
is received into a cavity of the palatal surface of the upper jaw, 
where it is concealed when the mouth is shut ; in old indi- 
viduals the upper jaw is perforated by these large inferior 
canines, and the fossae are converted into foramina. 

In the true crocodiles (genus Crocodilus) the first tooth in 
the lower jaw perforates the palatal process of the intermaxil- 
lary bone when the mouth is closed ; the fourth tooth in the 
lower jaw is received into a notch excavated in the side of the 
alveolar border of the upper jaw, and is visible externally 
when the mouth is closed. 

* " Ldhyrinihodon acutvlatua^'*'* Trans. Geo]. Soc., 2d series, vol. ti., p. 538, 
pi. 46. 
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In the two preceding genera the alveolar boixiers of the 
jaws have an uneven or wavy contour, and the teeth are of 
unequal size. 

In the gavials (genus OavicUis) the teeth are nearly equal 
in size and similar in form in both jaws, and the first as well 
as the fourth tooth in the lower jaw passes 
into a groove in the margin of the upper 
jaw, when the mouth is closed. The number 
of teeth is always greater in the gavials than 
in the crocodiles or alligators. The first five 
pairs of teeth above are supported by the pre- 
maxillary bones ; the first, second, and fourth 
of the lower jaw are the longest Tlie eight 
or nine posterior teeth are nearly conical, the | 
rest are sub-compressed, antero-posteriorly, 
and present a trenchant edge on the right and 
left side, between which a few faint longitu- 
dinal ridges traverse the basal part of the en- 
amelled crown (fig. 105). The position of the 
opposite sharp ridges, and the direction of the 
flat sides of the crown, are at right angles to 
the above, in the extinct amphiccelian gavial Teeth of the Gaviai. 
{Siichosaurus cultridens)^ which in other respects most nearly 
resembles the gangetic gavial in the form of the teeth. 

Crocodilians with cup-and-ball vertebrae, like those of 
living species, first make their appeamnce in the greensand of 
North America (CrocodUua hasifissus and C. basitnincatus). In 
Europe their remains are first found in the tertiary strata. 
Those from the plastic clay of Meudon have been referred to C. 
isorhynchuSf (7. ccchrhynchis, C. Becquerdi : those from the cal- 
caire grossier of Argenton and Castelnaudry to the C. Rallinat 
and C. Dodunii. In the coeval eocene London clay at Sheppy, 
the entire skull and characteristic parts of the skeleton of C. 
toliapicus and C Champsotdes occur. In the somewhat later 

X 
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eocene deposits at Bracklesham occur the remains of the 
gavial-like C. Dixoni. In the Hordle beds have been found 
the C. Hasiingsice, with short and broad jaws ; and also a true 
alligator (C. Hantaniensis). • It is remarkable that forms of 
procoelian Crocodilia, now geographically restricted — ^the gavial 
to Asia, the alligator to America, and the true crocodiles to 
warm latitudes of Asia, Africa, and America — should have 
been associated together, and represented by species which 
lived, during nearly the same geological period, in rivers 
flowing over what now forms the south coast of England. 

Many species of procoelian Crocodilia have been founded 
on fossils from miocene and pliocene tertiaries. One of these, 
of the gavial sub-genus (C. cra8»idais\ from the Sewalik 
tertiary, was of gigantic dimensions. 

Order X. — Lacertilia. 
{Lizards^ MonitcrSj Iguanc^.) 

Char, — ^Vertebra? proccelian, with a single transverse process 
on each side, and with single-headed ribs ; sacral verte- 
bne not exceeding two : two external nostrils ; a foramen 
parietale in most. 

To the present order are provisionally referred, through 
their close analogy in dentition and in general size to modem 
lizards, the following genera and species founded on fossils, 
chiefly jaws and teeth, from the Purbeck beds. No perfect 
vertebra has yet reached me sheM'^ing the procoelian structure, 
and so related to these fossils as to indicate organic associa- 
tion. Should such discovery be made, true Lacertians would 
date from the upper oolitic period. 

In the Nnihetes dcsdructorj^ Ow., the teeth are attached by 

• Abbreviated from nouthetetei, Monitor; in reference to the resemblance of 
the teeth of the fosHil to those of the modern Varanian Monitors. See Quarterly 
Journal of the Geological Society, 1854, p. 120. 
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partial anchylosis to depressions on the inner side of an 
alveolar wall, or according to the " pleurodont type.'' Their 
enamelled crowns are moderately long, compressed, pointed, 
slightly recurved, with a well-marked but finely serrated 
margin before and behind ; the thickest part of the crown is 
not at the middle, but nearer the anterior border, as in the 
great Varanus {Var. crocodUinm) and in Megalomurus ; and 
they resemble, in miniature, the teeth of that great carnivo- 
rous reptile. To the question whether these Purbeck fossils 
might not be of a foetus or young of the Megalosaurus, the 
answer is, that the lower jaw of the Nuthetes differs from that 
of the Megalosaurus in not having the inner alveolar wall 
produced in a greater degree than in the modem Varani, and 
in not exhibiting any rudiments of alveolar divisions. The 
largest teeth measure two lines in diameter at the base of the 
crown, the length of the largest fragment of the mandible was 
one inch and a half ; the depth of the outer wall was six 
lines, that of the inner wall was from three to four lines. 

The fossils give evidence of a carnivorous or insectivorous 
lizard of the size of the Varanus crocodilinvs, or great land 
monitor of India. The specific name relates to the adapta- 
tions of the teeth for piercing, cutting, and lacerating the prey. 

A smaller kind of lizard, from the same formation {Sau- 
rillus obtttsusy* Ow.), is chiefly represented by the right dentary 
element of the lower jaw containing thirteen teeth. These 
are moderately long, conical, and obtuse ; and are neither so 
long nor so recurved as in NiUhetes. On the outer side of the 
dentary bone, not far below the alveolar border, are six nervo- 
vascular foramina in a longitudinal row, relatively as numerous 
and large as in the Iguanodon, and indicating, as in that and 
other Saurian reptiles, the scaly covering of the jaws and the 
equally reptilian simple and subdivided condition of the sali- 

* Abbreviation of 9auru$, a lizard. Quarterly Journal of the Geological 
Society, No. 40, pp. 423 and 4S2. 
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vary apparatus in Saurilliis. The teeth are implanted accord- 
ing to the pleurodont type. Supposing the fossil to have come 
from a mature individual, the size of the animal must have 
been nearly that of the common European lizard, Lacerta 
agilis. It was most probably insectivorous. The specific 
name, ** dbtusus^ refers to the obtuse termination of the muzzle, 
as indicated by the form of the fore part of the jaw, and also 
to the blunt apices of the conical teeth. 

In the slab of Purbeck fre^h-water stone containing the 
portions of upper and lower jaw, with teeth, on which the 
genus Macdlodon* is founded, were also specimens of small, 
pitted, dermal scutes, and of a vertebral neural arch, corres- 
ponding proportionally in size with the teetL 

One specimen consists of the right superior maxillary 
bone, containing eight nearly entire teeth, and shewing the 
places of attachment of thirteen or fourteen such teeth, the 
mode of attachment being by partial anchylosis to the bottom 
of an alveolar groove and to the side of an outer alveolar wall. 
Fig. 106, a, shews the dentary element of the lower jaw, con- 
taining thirteen teeth, and alveolar depressions for twenty ; 
_ the bone, which is nine lines long, pre- 

MB^^ , sents the posterior notch for articula- 
' ^W ^^ tion with the angular and surangular 

elements ; its outer surface is convex, 
and perforated at its interior half by 
a linear series of nervo-vascular canals, 
^jg- i(>G. The crown of the teeth is broad. 

Jaw and teetli of Macdlodon, compressed, with sharp subcrenate 

magn. (Purbeck beds). . . i i ,« . . 

margins at the apical half, curving in 
most to a low point at the summit The older teeth have the 
crown reduced by attrition to the shape of a spade, suggest- 
ing the name of the genus. The enamel is marked by very 

* MakeUa^ a npade ; odoua^ a tooth. Qaarterljr Joarnal of the Greological 
Society, No. 40, p. 422. 
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tine longitudinal ridges, the terminations of which give the 
crenate character to the unworn margins of the crown. 

In a portion of the upper maxillary bone of Mdcdlodmi 
Brodieiy the low palatal alveolar plate terminates internally in 
a smooth border, which had formed the outer boundary of an 
extended palatal vacuity, as in most lizards ; this structure, 
with the unequal development, the succession, and pleurodont 
mode of implantation of the teeth, indicates the Lacertian 
affinities of Macellodon. 

The remains of small, lizard-like reptiles, witli teeth mom 
or less fitted for piercing, cutting, or 
crushing the chitinous covering of 
ArtictUcUay are such as might be ex- 
pected in the marly shell-beds of the 
Purbeck series, which have afforded 
such abundant evidence of insect 
life ;* and with them ai'e associated 
remains of small, insectivorous mam- 
mals (SpalacotJierium). A larger Pur- 
beck saurian, with teeth adapted to 
pierce the scales of ganoid fishes, 
has on that account been referred to 
a genus called Echinodon,^ It re- 
sembles Macellodon in the general 
shape of the teeth, but they have the 
thecodont implantation. The crown 

presents, however, that leaf, or scale- d. Portion of jaw, nat. nize, and 

shaped type, of which the toeth of *e®'^» ^ an<^ c. ™»^- ^^ 

T» I AY 7. 7 rr I JSc^inodo?* (Purbeck beds). 

PaUjeosauruSyCardtodonyliylcbosau'nis, 

Scclidosaunts, and even those of Iguarwdon, are modifications. 

The teeth of Echinodon are distinguished from tliose of 




• See the paper by Mr. WeBtwood, in tlic Quarterly Journal of the CJcological 
Society, 1854, p. 378. 

t EchinoB, hedgehog ; and adous^ tooth, " prickly tooth." 
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Scdidosaurus by the marginal serrations of the apical half of 
the crown progressively increasing in size from the apex to 
the base of that angular part of the tooth, the two basal points 
resembling spines, and terminating respectively, or forming 
the confluence of, the two thickened ridges bounding the 
fore and hind borders of the basal half of the crown. From 
Macellodon it differs in the swollen borders of the basal 
half and the stronger serration of the apical half of the 
crown. The similarly expanded ci'own of the tooth of Car- 
diodon* has thicker, and apparently not serrate margins, it is 
not divided into a basal and apical portion, and the apex 
is more obtuse. In Hyloeosaurus the crown is thicker and 
less expanded than in Echinodus; the borders of the apical 
half are usually abraded by masticatory acts, shew no marks 
of serration, and meet at an angle of 80° ; but the crowns of 
the teeth were in contact, as in Echinodon. The more com- 
plex structure of the teeth of Iguanodon appears, nevertheless, 
to be due to additions superposed upon a tjrpe of tooth which 
is essentially like that in Scdidosaurus and Echinodon. The 
expanded crown is divided into a basal and apical portion ; 
the marginal serrations of the latter are coextended with the 
increased thickness of the part into small lamellae, themselves 
more minutely dentate. The middle longitudinal rising of the 
enamel, which in Echinodon is stronger on the outer side of the 
upper teeth and on the inner side of the lower teeth, is exclu- 
sively developed, as the " primary ridge" on the corresponding 
aspects of the teeth of the upper and lower jaws in Iguanodon. 
In the teeth of the young Iguanodon^ the primary ridge is 
median and well-marked, and in the unworn tooth forms or 
terminates at the apex of the crown, increasing its resem- 
blance to the Echinodont type of tooth. The difference of 
dental structure between Echinodon and Iguanodon is of the 

* From the Mid-Oolitio formation, called *' Forest Marble/' near Bradford, 
Wilts. See my Odontography, p. 291, pi. 75a, fig. 7. 
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adaptive kind ; relating in the former to animal food, in the 
latter to a mixed or vegetable diet The entife dentition of 
Echinodan appears so well fitted to pierce the scaly covering of 
fish, and retain the struggling prey, that I suspect the species 
to have been ichthyophagous, and, like the AmUyrhynchus 
of the Gallopagos Islands,* to have been aquatic in its habits. 

Small vertebrae of true lacertian type have been first found 
in the Wealden of Sussex. In fig. 103, 4, a is the concave 
anterior, and h the convex posterior surface of the centrum ; 
d is the transverse process (diapophysis) ; z is the anterior, and 
2' the posterior, zygapophysis. Such vertebrae are more abun- 
dant, and have been found associated with other characteristic 
parts of the species, in the cretaceous strata. On such evi- 
dence have been based the Raphiosaurvs svhuHdens^ the Coni- 
osaurus crassidens^ and the DolichosauTus longicoUis* The 
last-named species is remarkable for the length and slender- 
ness of its trunk and neck, indicative of a tendency to the 
ophidian form. 

But the most remarkable and extreme modification of 
the lacertian type in the cretaceous period is that manifested 
by the huge species, of which a cranium five feet long was 
discovered in the upper chalk of St. Peter's Mount, near 
Maestricht, in 1780. The vertebrae are gently concave in 
front, and convex behind ; there are thirty-four between the 
head and the base of the tail ; a sacrum seems to have 
been wanting. The caudal vertebrae have long neural and 
haemal spines, the arches of both of which coalesce with the 
centrum, and formed the basis of a powerful swimming tail 
The teeth are anchylosed to eminences along the alveolar 
border of the jaw, according to the acrodont type. There is a 
row of small teeth on each pterygoid bone. For this genus of 
huge marine lizard the name of Mosasaurvs has been proposed. 
Besides the M, Ho/manni of Maestricht, there is a M, Maxi- 

* Owen, "History of British Fossil Reptiles," 4lo, pp. 173-183, pis. 2, 8, 9. 
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milianij from the cretaceous beds of North America, and a 
smaller species, M. gracilis^ from the chalk of Sussex.* The 
Leiodan anceps of the Norfolk chalk was a nearly allied marine 
Lacertian.*!" 

Many small terrestrial Lacertians have left their remains 
in European tertiary formations. 

Order XI. — Ophidia. 
{Slfm- wonnSf Serpen ts. ) 

Char. — ^Vertebra? very numerous, procoeliau, with a single 
transverse process on each side, and single-headed hol- 
low ribs ; no sacrum ; no visible limbs. 

The order Ophidia^ as it is characterized in the system of 
Cuvier, requires to be divided into two sections, according to 
the nature of the food, and the consequent modification of the 
jaws and teeth. Certain species, which subsist on worms, 
insects, and other small invertebrate animals, have the t3mi- 
panic pedicle of the lower jaw immediately and immovably 
articidated to the walls of the cranium. The lateral branches 
of the lower jaw are fixed together at the symphysis, and are 
opposed by the usual vertical movement to a similarly com- 
plete maxillary arch above ; these belong to the genera 
Amphisbcena and Anguis of linnseus, the latter represented by 
our common slow-worm. The rest of the Ophidians, including 
the ordinary serpents and constrictors, which form the typical 
members, and by far the greatest proportion, of the order, prey 
upon living animals of frequently much greater diameter than 
their own ; and the maxillary apparatus is conformably and 
peculiarly modified to permit of the requisite distension of 
the soft parts surrounding the mouth, and the transmission of 
their prey to the digestive cavity. All the ophidian fossils 
hitherto determined belong to the latter typical group. 

• Op. cit., p. 186, pis. 1, 2, 9. t Op. cit., p. 195, pi. 10. 
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The earliest evidence of an ophidian reptile has been ob- 
tained from the eocene clay at Sheppy ; it consists of vertebrae 
indicating a serpent of 12 feet in length, the Palceqphis toliapir 
cm (fig. 103, 5, half nat size). Still larger, more numerous, and 
better preserved vertebrae have been obtained from the eocene 
beds at Bracklesham, on which the Palccophis typhceus and P. 
porcatvs have been founded : * these remains indicate a boa- 
constrictor-like snake, of about 20 feet in length. The fossil 
vertebrae shew the deep and well-defined anterior cup, a, and 
posterior ball b ; the diapophysis d diflfers from that of the boa- 
constrictor in being more prominent and more uniformly 
convex ; the hypapophysis h is shorty as in the constrictors ; Z8 
is the anterior, and 2' the posterior zygapophysis ; the posterior 
border of the neurapophysis is remarkable for the angular 
process n. The accessory articular surfaces at the fore-part of 
the neural arch are supported, as in recent ophidian vertebrae, 
upon the process 2, called the zygosphene. Ophidian vertebrae 
of much smaller size, from the newer eocene at Hordwell, 
support the species called Paleryx rhombi/er and P. depresaus.^ 
Fossil vertebrae from a tertiary formation near Salonica have 
been referred to a serpent^ probably poisonous, under the name 
of Laophis.1 One of these vertebrae (fig. 103, 5) shews the 
accessoiy process d below zs, and the long hjrpapophysis, h. 
Poison-fangs of apparently a viper, and vertebrae of a Coluber 
three times the size of any existing European species, have 
been discovered in the miocene deposits at Sansans, south of 
France. Three fossil Ophidians from the (Eningen slate have 
been referred to Coltiber arenatuSy C. Kargiiy and C, Owenii. 

A few bones of serpents have been found in superficial sta- 
lagmite and in clefts of caves, which, perhaps, are within the 
period of human history. But what is of chief interest to us is 
the fact of the existence of ophidian reptiles of the constricting, 

♦ Op. cit., pp. 139-149, pis. 2 and 3. f Op. cit., p. 149, pi. 2, figH. 29-32. 

I Quarterly Journal of the Geological Society, toI. xiii., p. 196, pi. iv. 
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the colubrine, and venomous families, at early tertiary periods, 
before any of the existing species of manmialia had appeared 
on the earth. The eocene and miocene fossils demonstrate, 
moreover, the same adaptation to a prone posture and a glid- 
ing movement with the belly in the dust, as at the present 
day ; and the fossil vertebrae exhibit the same peculiar com- 
plexities which so exquisitely adjust the vertebral column of 
the serpent to do the work of hands, feet, and fins ; — to out- 
cUmb the ape, outswim the fish, outleap the jerboa, and 
outwrestle the tiger. 

Order XII. — Chelonia. 
{Tortoises and Turtles.) 

Char, — Trunk-ribs broad, flat, suturally united, forming, with 
their vertebrae, the sternum, and dermal bones, an ex- 
panded thoracic-abdominal case, into which the limbs, 
tail, and, usually, the head, can be withdrawn. No 
teeth : external nostril single. 

The most common evidences of extinct chelonians are 
the fossil remains of the above-defined case, usually in frag- 
ments or detached portions ; and, as this natural and portable 
dwelling-chamber offers modifications characteristic of the 
chief divisions of the order, some guide to the knowledge or 
study of its composition is here premised. 

In the marine famih'es called turtles (CheUme), and mud- 
turtles (TrumyoS)y it consists of a floor or " plastron" (fig. 108, b), 
and a roof or ** carapace** {ib. a). Side-walls are added in the 
fresh-water terrapenes {Emys)y and land-tortoises {Testvdo), 
The carapace is composed of a series of medial and symmetrical 
pieces, ch to py^ and of two series of unsymmetrical pieces on 
each side. The medial pieces, called ''neural plates," are 
dermal bones, of which those marked 5 1 to 5 8 are connate 
with the summits of the spines of as many dorsal vertebrae, 
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the others are free; the first, cA, is termed the "nuchal," and 
the last, ^, the "pygal'' plate. The contiguous side-plates, 
pi 1 topis Bxe dermal plates, connate with the eight subjacent 
ribs, whence they are called "costal plates." External to 




Fig. 108. 
A, Carapace. B, Plastron. 

Of a turtle, Chelone imhricata. 



these are the "marginal plates," ml to m 12, which are 
wholly dermal ossifications, are inconstant in number, and 
are wanting in mud-turtles. 

The plastron (fig. 108, b) consists of the sternum «, and of 
four pairs of sternal ribs, with some or all of which dermal 
bones of diverse forms and extent are connate. These com- 
posite plates are of determinate number in existing ChtUmiOy 
and have received special names. The single median piece, 
9y is the *' entostemal," the foremost of the parial plates, ««, 
are the ** epistemals," the next hs the " hyostemals," ps marks 
the ** hypostemals," and xs the " xiphistemals." 

Each of the above defined elements of the carapace and 
plastron may shew characters indicative of the nature and 
affinities of the chelonian it helped to house. The floor and 
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roof are least complete in the marine turtles ; the ribs extend 
beyond the costal plates leaving iinossified intervals, and their 
ends X)enetrate cavities in some of the marginal plates, like 
teeth in sockets (fig. 108, a). The other elements of the cai'a- 
pace are united together by marginal sutures. Analogous 
vacuities are left in the plastron (fig. 108, b). In terrapenes 
and tortoises ossification obliterates such vacuities ; the costal 
plates unite by sutures to the marginal ones, and the hyo- and 
hypo-stemals not only unite along the mid-line of the plastron, 
but are joined laterally by sutures with more or less of the 
marginal plates, forming the side-walls of the bony chamber. 
In all chelonia, save the mud-turtles {TrionyddtB^ the exterior 
of the elements of both carapace and plastron, are impressed 
by the homy scutes which coated the bony elements, whereby 
the shapes and proportions of such scutes can be recognized 
after they have i)erished. The marginal impressions of the 
five medial or " vertebral " scutes are shewn in the carapace 
(fig. 108, a), at i; 1 to i; 5 ; the lines going out from the lateral 
angles of these, mark the boundaries of the ''costal" scutes. 
In the fossil plastron (fig. 109), the line between hu andjpe, 
defined the *' humeral" and ** pectoral" scutes; that between 
pe and ad defined the "pectoral" and * abdominal" scutes; 
that between fc and au, defined the •'femoral" and ^anal" 
scutes, etc.* 

The turtles, being imable to withdraw the head within 
their shell, have it large and well ossified, as in fig. 91, b, 
where the postfrontal, ^, the mastoid, m, and squamosal, Z;, 
form a continuous bony vault over the true cranium ; but in 
the land, and most fresh-water, tortoises, the temporal fossae 
are exposed. The bones of the limbs are modified according to 
the medium of life and locomotion ; but in aU they are solid. 

* Applications of the above analysis and nomenclature of the parts of the 
carapace and plastron to the reconstruction of fossil Chelonia^ will be found in 
the Author's "Historjr of British Fossil Reptiles/* 4to, parts 1-3. 
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lieference has already been made (p. 178) to the impi-es- 
sions in sandstones of triassic age in Dumfriesshire, of pro- 
bably chelonian foot-prints. These have been finely illus- 
trated in the great work by Sir William Jardine on the foot- 
piints at Corncockle Muir. The earliest proof of chelonian 
life which the writer has obtained, has been afforded by the 
skull of the CheloTie planiceps itoni the Portland stone ; and 
by the carapace and plastron of the extinct and singularly- 
modified genera Tretastemon and Pleurostemon* (fig. 109), from 
Purbeck. In the first genus the plastron retains the central 
vacuity ; in the second genus an additional pair of bones is 
interposed between the hyostemals (hs) and hypostemals 
(ps). In the specimen figured, the plastron, and the under 
surface of the marginal pieces (i to 12) of the carapace, 
of Pleurostemon emarginatum are shewn, f Emydian re- 
mains, refeiTed to the genera Hydropelta and Achelonia, have 
been obtained from the lithographic (upper oolitic) slates at 
Cirin. 

True marine turtles {Chelone Camperiy C. Benstedi, C. pul- 
chriccps) have left their remains in cretaceous beds. J The 
emydian Protemys is from the greensand near Maidstone.§ 
The eocene tertiary deposits of Britain yield rich evidences of 
marine, estuary, and fresh-water tortoises. More species of true 
turtle have left their remains in the London clay at the mouth 
of the Thames than are now known to exist in the whole 
world, and all the eocene Chdones are extinct. One of them (C. 
yigasy Ow.) attained unusual dimensions ; the slnill, now in the 
British Museum, measures upwards of a foot across its back 

* Monograph of the Fossil Chelonian Reptiles of the Wealden and Purbeck 
Limestones, 4to, 1853, Palaeontographical Society. 

f This fine Chelonite is in the possession of Wm. Cannington, Esq. Devizes ; 
and a similar specimen, from Swanage, Dorsetshire, has recently been acquired 
for the British Museum. 

X Owen, •• Hist. Brit. Fossil Reptiles," pp. 155-168, pis. 41-56. 

§ Op cit., p. 169, pi. 47. 
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part.* The Cheloiu loiigiceps resembled a Trionyx in the 
shape and production of the muzzle (fig. 91, b), and an 
Emys in the extent of ossification of the carapace and plas- 
tron, but retained all the essential characters of a turtle. 
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Fig. 109. 
Pkurosternon emarginatum (Purbeck). 

The estuary genus Trionyx (soft turtle) is represented by- 
many beautiful species in the upper eocene at Hordwell ;t 
the fine rugous sculpturing of the outer surface of the 
carapace and plastron, in this genus, makes the recogni- 
tion of fossil fragments easy. The fresh-water genera Emys 

• The upper end of the femur from Sheppy, in t. xxix. of Monograph of 
Fossil Reptilia of the London Clay, Palaeontographical Society, 1850, belongs to 
this species. See also " Hist, of Brit. Foss. Reptiles," pp. 10-40, pis. 1-22. 

t Op. cit., pp. 50-60, pis. 26-33. 
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and Platemys are exemplified by many species in the eocene 
deposits, both at Sheppy and Hordwell. In the ph'ocene 
of (Eningen remains of a species of Chelydra have been 
discovered; this generic form is now confined to America. 
Eemains of land-tortoises {Testudo, Brong.) indicate several 
extinct species in the miocene and pliocene formations of 
continental Europe. Strata of like age in the Sewalik Hills 
have revealed the carapace of a tortoise {Colossochelys atla8\ 
20 feet in length. The same locality has also afforded the 
interesting evidence of a species of Emys (E. Uctumy Gray) 
having continued to exist from the (probably miocene) period 
of the Sivatherium to the present day. 

Order XIII. — ^Batrachia. 
{Toads, Frogs, Newts.) 

Char, — Vertebrae biconcave (Siren), procoelian (Rana), or 
opisthoccelian (Pipa) : pleurapophyses shorty straight. 
Two occipital condyles and two vomerine bones, in most 
dentigerous : no scales or scutes. Larvae with gills, in 
most deciduous. 

It is only in tertiary and post-tertiary strata that extinct 
species, referable to still existing genera or families of this 
order, have been found. The reptiles with amphibian or 
batrachian characters, of the carboniferous and triassic periods, 
combined those characters with others which gave them dis- 
tinctions of ordinal value ; they" illustrated, indeed, rather a 
retention of the more general cold-blooded vertebrate type, 
with concomitant piscine and saurian features, than any near 
affinity with the more specially modified naked reptiles to 
which the name Batrachia is given in zoological catalogues of 
existing species. While the ganoid type of fish prevailed the 
Batrachia were ganoid, the soft-skinned Batrachia belong to 
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sauria to inamiimls. It is manifested by the combination of 
crocodilian, chelonian, and lacertian characters in the Ci-^jpto- 
dontia and Dici/nodontia ; and by the combmed crocodilian 
and lacertian, characters in the Thecodontia and Saiiropteri/gia. 
Even the Chelonia of the Purbeck period illustrate the same 
principle, by the more typical number of modified htiema- 
pophyses, or abdominal ribs, entering into the composition of 
their plastron. 

The diagram (fig. 110) gives, in the horizontal si)aces, a 
concise view of the geological relations, or distribution in 
time, of the several oi-ders of the chiss Reptilia in the vertical 
columns, Tn the first column, the dark mark shews that 
the ganocei)halous gi-oup represented by the Arch4'gosaunis 
began, culminated, and ended in the carboniferous period. ITie 
Labyrinthodonts, commencing at the top of the coal series, 
and culminating in the trias, disappear at the base of the 
oolitic system. Very significant, on the derivative hypothesis 
of species, is the commencement of the Ichthycypterygia where 
the Lahyrinthodontia terminate. The Thecodonts have but 
the partial relationship to modem Lacertilia which the Laby- 
rinthodonts bear to the modern Batrachia. The progress 
of affinity or transition would seem to be from them to the 
Dinosauriii: the triassic forms of the Sauropterygia diminish 
the interval between the 1^'otorosaur and the Plesiosaur. 

The absence of Labyrinthodont remains in the permian, and 
of Ichthyosaurian ones in the wealden, is quite compatible 
with the conviction that both kinds of Keptilia were elsewhere 
existing during the periods of the deposition of those strata. 
A difference of habit corresponding to the difference of struc- 
ture explains why the* Plesiosaurs might leave their remains 
in shallow estuaiy beds of the Wealden, whilst the more 
powerful swimmers were lording it over the fishes in more 
open seas. Of the true Batrachia, those retaining the tail 
appear to have been at their maximum during the upper 
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tertiaiy period, and to have begun to decline after that time ; 
whilst the tailless genera and species are most numerous 
and various at the present day. Tlie Ophidia resemble the 
ATuyiiray commencing in the older tertiary, and shewing 
their maximum of development at the present day. The true 
procoelian, and especially the pleurodont, lizards, commencing 
in the chalk, have also gone on increasing in number and 
variety of forms to the present day. Tlie acrodont group was 
represented by MosasauruSy with a maximum of size, and 
extreme modifications for marine life, during the cretaceous 
l)eriod. The great ordinal gix)ups of Ichthyo- and Sauro- 
pterygia^ of Pterosauria^ and DinosauriOy together with the 
amphi- and opistho-coulian Crocodilian passed away ere the 
tertiary time had dawned. The procoelian crocodiles, which 
culminated in the lower and middle tertiary times, are now 
on the wane. Perhaps, also, the same might be said of the 
Cheloniay in regard to the size of individuals and the number 
of species of certain genera (e.//., CJielone, Trvmyx^ Chelydra). 

Class III.— AVES. 

Long before any evidence of birds from actual or recog- 
nizable fossil remains is obtained in tracing the progress of 
life from the oldest fossiliferous deposits upwards, we meet 
with indications of their existence impressed in sandstones of 
the triassic or liassic period. 

These earliest evidences of the class are by footprints in 
some former tidal shore, preserved in one or other of the ways 
explained in the section "Ichnology." The fossil bones of 
birds have not been found save in strata of much later date 
than the impressed sandstones ; and they are much more i-are 
than the remains of mammals, reptiles, and fishes, in any 
formations except the most recent in certain limited localities, 
— c,g.y New Zealand. 
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Sir C. Lyell has well remarked, that " the powers of flight 
IX)ssessed by most birds would insure them against perishing 
by numerous casualties to which quadrupeds are exposed 
during floods." The same writer further argues, that " if they 
chance to be di-owned, or to die when swnmniing on water, it 
will scarcely ever happen that they wdll be submerged so as 
to become preserv'^ed in sedimentary deposits."* It is true 
tliat the carcase of a floating bird may not sink where it has 
died, but be carried far along the stream : ultimately, however, 
if not devoured, its bones will subside when the soft parts 
have rotted ; and both the compactness of the osseous tissue, 
and the facts made known by the ornitholites of the green- 
sand near Cambridge, of the London clay at Sheppy, and of 
the Montmai-tre eocene quarry-stone, shew that they can be 
preserved in the fossil state. The length of time during which 
the carcase of a bird may float, doubtless exposes it the more 
to be devoured, and so tends to make more scarce the fossil 
i-emains of birds in sedimentary stmta, 

Ceitain it is that the major part of the i*emains of extinct 
birds that have as yet been found are those of birds that w^ere de- 
prived of the power of flight, and were organized to live on land. 

The existence of birds at the triassic period in geology, or at 
the time of the formation of sandstones which are certainly in- 
termediate between the lias and the coal, is indicated by abun- 
dant evidences of footprints impressed upon those sandstones 
which extend through a great part of the valley of the Connecti- 
cut Eiver, in Connecticut and Massachusetts, North America. 

The footprints of birds ai*e peculiar, and more readily dis- 
tinguishable than those of most other animals. Birds tread 
on the toes only ; these are articulated to a single metatarsal 
bone at right angles to it, and they diverge more from each 
other than in other animals. 

Not more than three toes are directed forward ;t the fourth, 

* rriucipleg of Geology, ed. 1847, p. 721. f Save in the Swift. 



AVES. 325 

when it exists, is directed backward, is slioi'ter, usually rises 
higher from the metatarsal, and takes less share in sustaining 
the superincumbent weight No two toes of the same foot in 
any bird have the same number of joints. There is a constant 
numerical progression in the number of phalanges (toe-joints), 
fi-om the innermost to the outermost toe. AVhen the back toe 
exists, it is the inneimost of the four toes, and it has two 
phalanges, the next has three, the third or middle of the front 
toes has four, and the outermost has five phalanges. When 
the back toe is wanting, as in some waders, and most wingless 
birds, the toes have three, four, and five phalanges respectively. 
When the number of toes is reduced to two, as in the ostrich, 
their phalanges are respectively four and five in number ; thus 
shewing those toes to answer to the two outermost toes in 
tridactyle and tetradactjde birds. 

The same numerical progression characterizes the two 
plialanges in most lizards from the innermost to the fourth ; 
but a fifth toe exists in them which has one phalanx less than 
the fourth toe. It is the fifth toe which is wanting in every 
bird. In some Gailinaceay one or two {Pavo hicalcaratus) spurs 
are superadded to the metatai*sus ; but this peculiar wxapon 
is not the stunted homologue of a toe. 

Dr. Deane of Greenfield, United States, noticed, in 1835, 
impressions resembling the feet of birds in some slabs of sand- 
stone from Connecticut Eivcr, and first, in a letter to Dr. 
Hitchcock, dated March 7, 1835, recorded liis belief that they 
were the footsteps of a bird. He prepared casts of the impres- 
sions, some of which he transmitted, with his opinion of their 
nature, to Professor Silliman, Editor of the American Journal 
of Science, in April 1835. Dr. Hitchcock, President of Am- 
herst College, United States, first submitted these impressions 
to scientific comparison, and published the intei-pretation of 
their having been produced by the feet of living birds, and 
gave them the name of Ormfhichnite'^i. 
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It was a startling announcement, and a conclusion that 
must have had strong evidence to support it, since one of the 
kinds of the tracks had been made by a pair of feet, each 
leaving a print 20 inches in length. Under the term Omi- 
thichnites giyantmsy however. Dr. Hitchcock did not shrink 
from proclaiming his conviction of the existence, during the 
period of the deposition of the red sandstones of the valley of 
the Connecticut, of a bird which must have been at least four 
times larger than the ostrich.* The impressions succeeded each 
other at regular intervals ; they were of two kinds, but diffei> 
ing only as do a right and left foot; and tliey alternated with 
each other, the left foot being a little to the left, and the right 
foot a little to the right, of the mid-line between a series of 
tracks. Each footprint (fig. Ill, 6 and r) exhibits three toes, 
diverging as they extend forwards. The distance between the 
tips of the inside and outside toes of the same foot was 12 
inches. Each toe was terminated by a short strong claw pro- 
jecting from the mid toe a little on the inner side of its axis, 
from the other two toes a little on the outer side of theirs. The 
end of the metatarsal bone to which those toes were articulated 
rested on a two-lobed cushion which sloped upwards behind. 
The inner toe (r) shewed distinctly two phalangeal divisions, 
the middle toe tliree, the outer toe (6) four. And since, in 
living birds, the penultimate and ungual phalanges usually 
leave only a single impression, the inference was just, that 
the toes of this large foot had been cliaracterized by the same 
progressively-increasing number of phalanges, from the inner 
to the outer one, as in birds. And, as in birds also, the toe 
with the greatest number of joints was not the longest ; it 
measured, e.g,y 12i inches, the middle toe from the same base- 
line measured 16 inches, the outer toe 12 inches. Some of 
the impressions of this huge tridactylous footstep were so well 
preserved as to demonstrate the papillose and striated character 

• American Journal of Science for 1836, vol. xxix., pi. i. 



AVES. 327 

of the integument covering the cushions on the under side 
of the foot Sucli a structure is very similar to that in the 
ostrich. The average extent of stride, as shewn by the dis- 
tance between the impressions, was between three and four 
feet ; the same limb was therefore carried out e^ch step from 
six to seven feet forward in the ordinary rate of progression. 

These footprints, although the largest that have been ob- 
served on the Connecticut sandstones, are the most numerous. 
The gigantic Brontozoum, as Principal Hitchcock proposes to 
term the species, " must have been," he writes, " the giant 
rulei-s of the valley. Their gi-egarious character appears from 
the fact, that at some localities we find parallel rows of tracks 
a few feet distance from one anotlier." 

Tlie strata of red sandstone, with the above-described im- 
pressions, occuj^y an area more than 150 miles in length, and 
from 5 to 10 miles in breadth. ** Having examined this series 
of rocks in many places I feel satisfied that they were formed 
in shallow water, and for the most part near the shore ; and 
that some of the beds were fi*om time to time raised above the 
level of the water and laid dry, while a newer series, composed 
of similar sediment, was forming." "Tlie tracks have been 
found in more than twenty places, scattered through an extent 
of nearly 80 miles from N. to S., and they are repeated througli 
a succession of beds attaining at some points a thickness of 
more than 1000 feet, which may have been thousands of years 
in forming."* 

One of the evidences of birds from the Cambridge green- 
sand, transmitted to the writer by their discoverer, Mr. Barret^ 
is the lower lialf of the trifid metatarsal, shewing the outer toe- 
joint much higher than the other two, and projecting back- 
wards above the middle joint ; it indicates a bird about the 
size of a woodcock. 

In the conglomerate and plastic clay at the base of the 

* Ti}ol), Manual of Elomentarj Geology, ftvo, 1855, p. 348. 
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eocene tertiary system at Meiidon, near Paris, the leg and 
thigh bones (tibia and femur) of a bird {Gastamis Parisiensis) 
have been discovered : they indicate a genus now extinct. 
They belonged to a species as large as an ostrich, but more 
robust, and with affinities to wading and aquatic birds.* 

In the eocene clay of Sheppy, fossil remains of birds have 
been foimd, indicating a small \iilture {LUhomis vulturimis) ; 
also a bird, probably of the king-fisher family {Halcyomis 
toliapims), and a species of the sea-gull family. In the same 
formation at Highgate, remains of a species of the heron family 
have been foimd. 

The fossil bones of birds from the gj-psum quarries at 
Montmartre were referred or approximated by Cuvier to eleven 
distinct species. Good omitholites have been obtained from 
the Hordwell fresh-water deposits. 

The most ancient example of a passerine bird is the Pro- 
tomis Glarisiensisy founded on an almost entire skeleton dis- 
covered in the schistose rock of Glaris, referable to the older 
division of the eocene tertiary series. Tliis skeleton is about 
the size of a lark, and in some respects similar to that bird. 

Comparisons of the omitholites of the eocene tertiaries 
shew that the following ordinal modifications of the class of 
birds were at that period represented : the raptonalj or birds 
of prey, by species of the size of our ospreys, buzzards, and 
smaller falcons, and most probably also by an owl ; the inses- 
soricd, or tree-perching birds, by species seemingly allied to 
the nuthatch and the lark ; the scaiisoinals or anisodactyles, 
by species as large as tlie cuckoo and king-fisher ; the 
rcLsoriahy by a species of small quail ; the cursorials, by a 
species as large as, but with thicker legs than, an ostrich ; the 
grallatorialy by a curlew of the size of the ibis, and by species 

* Hebert, "Compt«8 Kendus de TAcad. des Sciences," 1855. Owen "On 
the Affinities of Gastornis Parisiensis," Quarterly Journal of Geological Society, 
vol. xii., 1856, p. 204. 
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allied to ScolopaXy Tringa^ and Pelidna, of the size of our 
woodcocks, lapwings, and sanderlings ; and the natatorial^ by 
species allied to the connorant, but one of them of larger 
size, though less than a pelican ; also by a species akin to the 
divers [Merganser). 

The remains of birds become more abundant and varied as 
we approach the present time ; especially in the miocene strata, 
so richly developed in France, although wanting in Britain. 
One of the most singularly-modified forms of beak is shewn 
by the flamingo. The fossil skull of a species of this genus 
(Pluenicoptencs) has been found in the miocene fresh-water 
deposits of the plateau of Gei-govia, near Cleimonte-Ferrand ; 
the entire metatarsal bone of a species of eagle (Aquila) or 
osprey (Pandion) in the same deposits at Chaptusal, Allier ; 
and the humerus of a bird allied to and as large as the alba- 
tross, in the molassc coguillih'e marine at Armagne. Eemains 
of a vulture, most probably a CatharteSy have been found in 
the miocene lacustrine deposits of Cantal. Indications of all 
the other orders of birds, save the great Cursores or Struthi- 
onidm, have also been discovered in miocene strata — those of 
wading biixis being the most numerous. 

Fossil eggs of birds occur in miocene deposits in Auvergne ; 
and impressions of feathers have been discovered in the 
pliocene calcareous marls at Montebolca. In pliocene brick- 
earth deposits in Essex has been foimd a fossil metatarsal of 
a swan, as large as, and not distinguishable from, the existing 
wild swan ; in the pleistocene clay at Lawford a fossil 
humerus like that of a wild goose. But most of the omitho- 
lites of this recent tertiary period have been discovered in 
ossiferous caverns. Tliey belong to birds closely resembling 
the falcon, wood-pigeon, lark, thrusli, teal, and a smaller wader. 
The writer has received information of skeletons of birds 
found deeply imbedded in stratified clay at Aberdeen and 
Peterhead. 
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Tlie most extraordinary additions to the present class have 
been obtained from the superficial deposits, turbaries, and 
caves in New Zealand.* This island is remarkable for the 
absence of aboriginal species of land-mammals, and for the 
presence of a small bird with very rudimental wings, and the 

keel-less ster- 
niun and loose 
plumage of the 
Struthious or- 
der, but of a 
peculiar genus 
called Apteryx: 
the legs are very 
robust, and have 
three front toes 
and a very small 
back toe. Birds 
resembling the 
Apteryx in the 
shape of the ster- 
num and bony 
structure of the 
pelvis and hind 
limbs, some re- 
taining also the 
small back toe, 
others appar- 
ently without it, 
formerly existed 
in New Zealand under different specific forms ranging in 
height from 3 feet to 10 feet They have been referred by 

* These remains are described in eight memoirs by the writer, published in 
the tliird and fourth volumes of the Transactions of the Zoological Society of 
London. The description of the first fragment of the bone, indicative of the 
Dinomis, is in vol. iii., p. 39, pi. 3. 




Fig. 111. 

A. Dinomis elephantopus. 

B. Iieg-bones of Dinomis giganteus. 

6, r. Impressions called Ornithichnites. 
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the writer to the genera Dinomis and Palapteryx. The 
gigantic species are interesting, as exhibiting birds equal to 
the formation of tridactyle impressions as large as those of 
the Connecticut sandstones, called Omithichnites (BrorUozoum) 
gigas (fig. Ill, r, 6). In this cut is given a figure of the leg- 
bones of Dinomis giganUm (B), in wliich the tibia (() measures 
upwards of a yard in length. In the entire skeleton (A) of 
another species, the metatarsus is as thick, but only half as 
long, as in the D. gigantevs; the framework of the leg is the 
most massive of any in the class of birds ; the toe-bones 
almost rival those of the elephant ; whence the name Dinomis 
elephantopus, given to this species. Several other species of 
these extinct tridactyle wingless birds have been determined — 
e,g,y Dinomis ingens^ D. stnUhioides, D. rhetdes^ D. dromtoideSy 
D. casuarinus, D. robvstus, D. crassus, D. geranoideSy D. curius. 
With these remains have been found bones of a bird the size 
of a swan, but of an extinct genus (Aptomis) ; also those of a 
large coot {Notomis Mantdli) which, founded originally on 
fossil remains, was afterwards discovered living in the Middle 
Island of New Zealand. Two species of Aptenjx^ not dis- 
tinguishable from the existing kinds, were contemporaries 
with the gigantic Dinomis^ and the writer has received evi- 
dence that the D. el^phantopifs afforded food to the natives 
at pi-obably no very remote period. Some of the smaller 
kinds of Dinomis may yet be found living on the Middle 
Island. 

In Madagascar j>ortions of metatarsal bones, indicating a 
three-toed bird (Epiomis) as large as, but generically distinct 
from, the Dinoimis gigantevSy have been discovered in alluvial 
banks of streams ; and with them entire eggs, measuring from 
13 to 14f inches in long diameter. The contents of one of 
these eggs is computed to equal those of six ostrich eggs, or 
of one hundred and forty-eight hen's eggs. 

In the neighbouring island of Mauritius the dodo {Didm 
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ineptv£) has been exterminated by man within the period of 
two centuries ; and in the islands of Bourbon and Eodriguez 
the ''solitaire*' {Pezophaps) has also become extinct Both 
these birds had wings too short for flight. 

Class IV.— MAMMALIA. 

{Warm-hloodedy Ah'-breaflthig, Vivijxirous Veiiebrates.) 

Every calcified part of an animal, whether coral, shell, 
crusty tooth, or bone, can preserve its form and structure 
when buried in the earth during the changes there gradually 
operated in it> when every original particle may have been 
removed and replaced by some otlier mineral substance pre- 
viously dissolved in the water percolating the bed containing 
the fossiL A bone, or other part so altered, is said to be 
** petrified." Not only are all its outward characters pre- 
served, but even the minutest structui^e may be, and in most 
cases is, demonstrable in the fine sections under tlie micro- 
scope. 

Fossil bones and teeth have been discovered in every in- 
termediate stage of alteration, from their recent state to that 
of complete petrifaction. Eecent bones consLst of a gelatinous 
basis hardened by earthy salts, chiefly phosphate of lime * 
Fishes have the smallest proportion, birds the largest propor- 
tion, of the earthy matter in their bones. 

Proportions of Hard and Soft Matter in the Bones of tlu 
Vertebrate Animals. 

FISHES. 

Salmon. Carp. Cod. 

Soft 60-62 40-40 34-30 

Hard 3938 5960 65-70 



10000 100-00 10000 

* That this combiDation of phosphorus and calciam has ever taken place in 
nature, saye under the influences of a Hying organism, remains to be proved. 
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REPTILES. 

Frog. 

Soft 35-50 

Hard 64-50 



100-00 



Snake. 

3104 
69-96 

100-00 



Soft... 
Hard. 
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Porpoise. Ox. 

...35-90 3100 
...64-10 6900 



Lion. 

27-70 
72-30 



LizarxL 

46-67 
53-33 

lOO'OO 



Man. 

31-03 
68-97 



100-00 100-00 100-00 10000 



BIRDS. 

OOOIM*. 

Soft 32-91 

Hard 67 09 



100-00 



Turkey. 
30-49 
69-51 

100-00 



Hawk. 

26-72 
73-28 

100 00 



The chemical nature of the hardening particles, and of the 
soft basis of bone, is exemplified in the subjohied table, in- 
cluding a species of each of the four classes of Vertebrata : — 



(Jhemical Cojnpo&ition 


of B07l€8 






lugrcdienta. 


Hawk. 


Man. 1 TortoiHe. 

1 


Cod. 


Phosphate of lime, with trace ) 

of filiate of lime j" 

Carbonate of lime 


64-39 
7-03 


59-63 
7-33 


52-66 

12-53 
0-82 

0-90 


57-29 

4-90 
2-40 

1-10 

32-31 
200 


Phosphate of magnesia 

Sulphate, carbonate, and chlo- ) 

rate of soda ) 

Oliitin and cbondrin 


0-94 

0-92 

27-73 
0-99 


1-32 

0-69 

29*70 


Oil 


1-33 1 "i-ii 










100-00 


100-00 


100-00 


10000 



The most common change which bones fii-st undergo is 
the loss of more or less of their soft and soluble basis. This 
effect of long interment is readily tested by applying the 
specimen to the tongue, when the affinity for fluid of the pores 
of the eartliy constituent, after having lost the gelatine, is 
so great, that the specimen adheres to the tongue like a piece 
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of dry chalk. Bones and teeth in this state quickly absorb a 
solution of gelatine, and thus their original tenacity may be 
restored.* Petrified fossils need no such treatment ; they are 
usually harder and more durable than the original bone itself. 

The interpretation of such fossil remains requires a com- 
parison of them with the corresponding parts of animals now 
living, or of previously determined extinct species. In the case 
of the vertebrate animals, such comparison is limited to the 
osseous and dental systems. The interpretation of a vertebmte 
fossil, therefore, presupposes a knowledge of the various modi- 
fications of the skeleton and teeth of the existing vertebmte 
animals ; and the more extensive and precise such knowledge 
may be, the more successful will be the efforts, and the more 
exact the conclusions, of the interpreter. 

The determination of the remains of quadrupeds is beset, 
Cuvier remarks, with more difl&culties than that of other 
organic fossils. Shells are usually found entire, and with all 
the characters by which they may be compared with their 
analogues in the museums, or with figures in the illustrated 
books, of naturalists. Fishes frequently present their skeleton 
or their scaly covering more or less entire, from which may 
be gathered the general form of their body, and frequently 
both the generic and specific characters which are derived 
from such internal or external hard parts. But the entire 
skeleton of a fossil quadruped is rarely found, and when it 
occurs, it gives little or no information as to the hair, the fur, 
or the colour of the species. Portions of the skeleton with the 
bones dislocated, or scattered pell-mell — detached bones and 
teeth, or their fragments merely — such are the conditions in 
which the petrified remains of the mammalian class most com- 
monly present themselves in the strata in which they occur. 

• Tho writer's experience of this effect led him to suggest the application of 
a similar process to the long-huried ivory ornaments from tho ruins of Ninoveh 
in the British Museum ; it proved successful. 
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Prior to the time of Cuvier but little progi-ess had been 
made in the mteriiretatiou of such fragmentary remains. The 
striking success whicli attended the application of the great 
comparative anatomist s science to this previously neglected 
field of study, was referixid by Cuvier to principles in the 
organization of animal bodies, which he tenned the ** Correla- 
tion of Forms and Structures," and the "Subordination of 
Organs" — principles which his clear-thinking biograplier, M. 
Flourens,* in common with most contempomry philosophers, 
has i-egarded as the most effective and successful instrument 
in the restoration of extinct animals. Tiiey will be exempli- 
fied in the course of the present section of this work. 

A terminal ])halanx modified to fit a hoof may give, as 
Cuvier declared, the modifications of all the bones of the fore 
limb that relate to the absence of a rotation of the fore leg, 
and all the modifications of the jaw and skull that relate to 
the mastication of food by broad-crovvned complex molars. 

But there are certain associated structures for the coinci- 
dence of which the physiological law is unknown. *' I doubt," 
writes Cuvier, " whether I should have ever divined, if obser- 
vation had not taught it me, that the ruminant hoofed beasts 
should all have the cloven foot, and be the only beasts with 
horns on the frontal bone.''t We know as little why horns 
should be in one or two pairs on the frontal bone of those 
Ungulates only which have hoofs in one or two pairs ; whilst 
in the horned Ungidates with three hoofs there should be 
either one horn, or two horns placed one behind the other in 
the middle line of the skull ; or why the Ungidates with one 
or three hoofs on the hind foot should have three trochanters 
on the femur, whilst those with two or four hoofs on the hind 
foot should have only two trochanters. 

* Eloge llistorique et TAnalyae Raisonnco des Travaux de G. Cuvier, 12mo, 
Piiria, 1841, p. 42. 

t " Hccherchcs sur Ics OsKemens Foesiles," Bvo, ed. 1834, torn, i., p. 184. 
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** However," continues Cuvier, ** since these relations are 
constant, they must have a sufficing cause ; but as we ai*e 
ignorant of it, we must supply the want of the theory by means 
of obsei-vation * This, if adequately pursued, will serve to 
establish empirical laws almost as sure in their application as 
rational ones." " That there are secret reasons for all these 
relations, observation may convince us independently of 
general philosophy." ^ The constancy between such a form of 
such organ, and such another form of another organ, is not 
merely specific, but one of class, with a coiTesponding grada- 
tion in the development of the two organs.''"!' 

" For example, the dentary system of non-iiiminant Ungu- 
lates is generally more perfect than that of the Bisulcates ; 
inasmuch as the former have almost always both incisors and 
canines in the upper as well as the lower jaw ; the structure 
of their feet is in general more complex, inasmuch as they have 
more digits, or hoofs less completely enveloping the phalanges, 
or more bones distinct in the metacarpus and metatarsus, or 
more numerous tarsal bones ; or they have a more distinct 
and better developed fibula ; or a concomitance of all these 
modifications. It is impossible to assign a reason for these 
relations ; but, in proof that it is not an aflFair of chance, we 
find that whenever a bisulcate animal shews in its dentition 
any tendency to approach the non-ruminant Ungulates, it also 
manifests a similar tendency in the conformation of its feet 
Thus the camels, which have canines and two or four incisors 
in the upper jaw, have an additional bone in the tarsus, result- 

* " Puisque ces rapports son! constants, il faut bien qa*ils aient une cause 
Huffisante ; mais comme nous ne la connoissons pas, nous devons supplcer au 
defaut de la thcorie par le moyen de Tobservation." (Tom. cit., p. 1S4.) 

t " En effet, quand on forme un tableau de cea rapports, on y remarque non» 
seulement une Constance spccifique, si Ton pent s'exprimer ainsi, entre telle 
forme dc tel organe, ct telle autre forme d*un organo difi(Srent ; mais Ton aper^oit 
auBsi une Constance de classe et une gradation correspondantc dans le dcveloppe- 
mcnt de ces deux organes, qui montrent, presquo aussi bien qu'un raisonncment 
effectif, leur influence mutuoUe/* (Tom. cit., p. 185.) 
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iiig li-oiu the scaphoid not being confluent with the cuboid ; and 
the small hoofs have coiTespondingly small phalanges. The 
musk-deer, which have long upper canines, have the fibula co- 
(jxtensive with the tibia, whilst the other ruminant^} have a 
mere rudiment of fibula articulated to the lower end of the tibia." 
" There is then a constant harmony between two oi-gans to all 
appearance quite strangei's to each other, and the gmdations of 
their forms corrtispond uninterruptedly even in the cases wheix* 
one can render no reason for such relations.'* " But in thus 
availing ourselves of the metliod of observation as a supple- 
mentary instrument when tlieory abandons us, we arrive at 
astonishing details. The smallest articular surface {facetU) 
of a bone, the smallest process, presents a determinate character 
relating to the class, to the order, to the genus, and to the 
species to which they belong ; so that whoever possesses 
mei-ely tlie well-preserved extremity of a bone, may, with 
ai)plication, aided by a little tact {adresse) in discerning ana- 
logies, and by sufficient comparison; determine all these things 
as surely as if he possessed the entire animal." * 

There have been, of course, instances, and will be, where 
for want of the " efficacious comparison," and the " tact in dis- 
cerning likeness," such results have not rewarded the endea- 
vours of the paheontologist ; and these shortcomings, and the 
mistakes sometimes made, even by Cuvier himself, have been 
cast in the teeth of his disciples, as ai-guments against the 
principles by which they believed themselves guided in their 
endeavours to complete the glorious edifice of which their 
master laid the foundations. 

The writer has, therefoi-e, (pioted from the well-known 
''Preliminary Discourse" to Cuviei-'s great work on Fossil 
l^mains, with a view to neutralize the efforts of statements 
reitemted in apparent ignorance of the clear and explicit 
inannor in which Cuvier thei-e defines the limits within which 

• Tom. cit., i». IH7. 
Z 
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the law of convlatioiiof animal structures may be successfully 
applied, and indicates the instances in which — ^tlie j>hysiolo- 
gical condition being unknown, and the coincident structunis 
being undei*stood enipirically — careful observation and rigor- 
ous comparison nmst supply the place of the physiologically 
understood law. 

Those who deny the existence of design in the constmction 
of any pait of an organized body, and who protest against the 
deduction of a purpose from the valves of the veins or the lens 
of the eye-ball, repudiate the Reasoning which the pala3onto- 
logist carries out from the hoof to the grinder, or frnni tlie 
carnassial molar to the i-etractile claw, through the guidance 
of the princij)le of a pi*e-oixlaiued mutual adaptation of such 
parts ; but such minds are not^ nor have been, those who have 
contributed to the real advancement of physiology or paUeou- 
tology. 

By ref(»rence to the '* Table of Strata" (fig. 1), it will be 
seen that the earliest evidence of a vertebrate animal is of the 
cold-blooded watei'-breathing class in the upper Silurian period. 
Next follows that of a cohl-blooded but air-breathing vert<»- 
brate, under the batnichian grade, in the carboniferous period. 
The warm-blooded air-breathing chisses are first indicated, as 
birds, by footmarks in a sandstone of probably triassic but 
not older age : and, as mammals, by fossil teeth from bone- 
beds of the upper triassic system in Wirtemberg, and of, aj>pa- 
rcntly, the same age near Frome, Somersetshire. Mammalian 
remains have also been found in a coal-field in Noith Carolina, 
which may be earlier, but cannot be later, than the lias forma- 
tion. 

Genus MiCROLESTES. — The mammalian teeth from Genuan 
and English trias indicate a very small insectivorous quad- 
ruped, to which the above generic name was given by IVo- 
fessor Plieninger. The German s])ecimens wei*e discovered in 
\HVJ in a bone laxrcia at Diegerloch, about two miles from 
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Stuttgardt, the geological relations of which are well deter- 
mined as betw^een lias and Keuper sandstone. The teeth of 
Microlestes from an agglomerate occupying a fissure of the 
carboniferous limestone near Frome, submitted to the writer 
by the discoverer, Mr. Charles Moore, F.G.S., in 1858, are 
four in number, two being molars of the upper jaw, each 
with four fangs ; one a molar with a narrower crown and 
two fangs from the lower jaw ; and the fourth a small, pointed, 
front tooth. The crowns of the molars are shoi*t vertically in 
proportion to their breadth ; the distinct enamel contrasts 
with the cement-covered fangs ; the grinding surface shews a 
wide and shallow depression, surrounded by small, low, 
obtuse cusps, three of equal size being on one side, a larger 
cusp near one end, and smaller and less regular cusps on the 
side opposite the three. One lower molar shews a similar 
type, but with the three marginal cusps less equal in size : a 
second smaller, and fi*om a more anterior part of the series has 
three low cusps on one side, and but one cusp on the other 
side of the crown, the grinding surface of which presents an 
elongate triangular form. This tooth had two fangs. The 
crowm of the largest of the upper molars does not exceed one 
line in its longest diameter. Amongst existing Mammals, 
some of the small molars of the marsupial and insectivorous 
MyrTMcohius of Australia offer the nearest resemblance to 
these fossil teeth ; but a still closer one is presented by the 
small tubercular molars of the extinct oolitic Mammal called 
Plagiaulax (fig. 120, m i and ^), 

Ge7ius Dromatherium.* — This genus is founded on a 
mmus of a lower jaw, not quite an inch in length, containing 
7 tricuspid molars, like those of SpalacotJicrium, preceded 
apparently by 3 simple, slender, cuspidate premolars, in a 
continuous series ; in advance of which is a canine and 3 
conical incisors, the latter being divided by short inters'als, as 

* Emmons, "American Cieology," pt. vi., 18r>7, p. 03. 
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in Phmcolotherinm. The specimen is from the Chatham coal- 
field, N. Cai'olina, and is probably of triassic age. 

Genvs Amphitherium {Thylacothsriuvi, Val).* — This genus 
is founded upon a few specimens of lower jaw, one ramus of 
which (fig. 112) gave the entire dentition of its side, — viz., three 

small conical inci- 
soi-s (t), one rather 
lai-ger canine (c), six 
premolars, unicus- 
pid, with a small 

ri^. 11*2. 
I^)Nvcr jaw and teelli of the AmphUherium POmt at OUC Or botll 

Prero^/u (twice nat. Hize). gj^^g ^f ^^^ ^^^ 

(p, 1-6), and six quinque-cuspid molars (m, i-6) not depart- 
ing very far from the type above described. Tlie molars, 
and most of the premolars, are implanted by two roots. The 
condyle of the jaw is convex, and is a little higher than the 
level of the teeth ; the coronoid process is broad and high ; 
the angle projects backward, with a feeble production inward. 
It is, again, to the marsupial Myr7necobitc$y amongst living 
forms, that the present genus is most nearly allied. The 
remains of Amphitherium are from the lower oolitic slates of 
Stonesfield (fig. 114, stratum «). 

Genus AMPHiLESTES.t — ^This genus is founded on a lunius 
of the low^er jaw, from the Stonesfield oolitic slate, shewing 
true molars of a compressed form, with a large middle cusp 
and a smaller, but well marked, one at the fore and back pai-t 
of its base ; the " cingulum," or basal ridge, peculiar to mam- 
malian teetli, traverses the inner ridge of the crown, where it 
develops three small cusps, one at the base of the large outer 
or principal cusp, and the other two forming the anterior and 
posterior ends of the crown. This form of tooth is unknown 

* For the full dcKcription and demonstration of the mammalian natun? of this 
much-discussed fosHil, see Owen, History of British Fossil Mammals, ftvo, p. 20. 
t Owen, Hist. Brit. Foss. Mam., p. 58, fig. 19 {Amphitherium Uroiieripii). 
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ill existing Mamuialia, but is as well adapted fur crushing the 
cases of coleopterous insects (elytra of which are found fossil 
in the same oolitic matrix) as are any of the multi-cuspid 
molars of small opossums, shrews, and bats. The AmphUestes 
Broderipii was somewhat larger than AmphUherium Prevostii, 

Genus Phascolotherium. — Although the evidence of the 
very slight degree of inflection of the angular process of the 
lower jaw of AmphUherium may favour its affinity to the 
placental Insectivores, yet the range of variety to which that 
mandibular character is subject in the different genera of 
existing Marsupialia. warns us against laying undue stress 
upon its feeble development in the extinct genus of the oolitic 
epocli, and incites us to look with redoubled interest at what- 
ever other indications of a marsupial character may be present 
in the fossil remains of other genera and species of Mammalia 
that liave been detected in the Stonesfield slate. 

In the specimen of PhaJicolothenvm (fig. 113), the marsupial 




Fig. 113. 

Ijower j.iw and teeth of the Phascolotherium (nat. size in outline), 
L«)wer Oolite. 



characters are more strongly manifested in the general form of 
the jaw, and in the extent and position of the inflected angle, 
while the agieement with the genus Didelphys in the number 
of the i)remolar and molar teeth is complete. The forms of 
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the crowns of those teeth differ from those in Didel2)hy8, and 
correspond so closely with those in the A mphilestes Broderipii, 
as to shew the closer affinity of the Phascolothere with the 
latter oolitic Tnsectivore ; and, accordingly, whatever addi- 
tional evidence of raarsui)iality is afforded by the Phascolo- 
therium, may be regarded as strengthening the claims of both 
Amphilestes and Amphithenum to be admitted into the mar- 
supial group. The general form and proportions of the coronoid 
process of the jaw of Phascolothci-ium resemble those in the 
zoophagous Marsupials ; and especially wdth that of the 
Thylaajnm in regard to the depth and form of the entering 
notch between this process and the condyle. 

The base of the inwardly-bent angle of the lower jaw pro- 
gressively increases in DideJjihys, DasyuniSy and Thyladnus ; 
and judging from the fractured surface of the corresponding 
part of the fossil, it most nearly resembles the jaw of Thyla- 
dnus, The condyle of the jaw is prominent, and nearer the 
plane of the inferior margin of the ramus in the Thylacine 
than in the Dasyui*es or opossums : and consequently, when 
the inflected angle is broken off, the cur\'e of the line continued 
from the condyle along the lower margin of the jaw is least in 
the Thylacine. In this particular, again, the Phascolothere 
resembles that Australian Carnivore. In the position of the 
dental foramen, the Phascolothere, like the Amphithere, differs 
from the zoophagous Marsupials and placental Camivora and 
Insectivora, and resembles the Hypsiprymmis, a marsupial 
Herbivore, that orifice being near the vertical line dropped 
from the last molar tooth. In the direction of the line of the 
symphysis, the Phascolothere resembles the Opossums more 
than the Dasyures or Thylacines. It is probable that the 
teeth at the fore part of the jaw shewed the same correspon- 
dence. In the number of the molar series, PhascolotlwHum 
differs from Amphitheritim, AmphilesteSy and Myrmecohivs, and 
resembles the Thylacine and Opossum, but without having 
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the premolars (j\ i, i, 3) distinguislietl, us in tliem, fi-oin the tine 
molars (m, 1, 2, 3, 4), by smaller and more simple crowns. 

The lower molars of Diihlphys shew the addition of a 
pointed tubercle on the inner side of tlie middle cone : in 
PhiscolotlieHum a mere basal ridge or cingulum extends along 
the inner side of the middle cone. Such a ridge is present in 
the last molar of SarcophUus, but not in the other molars ; but 
in these there are two small hind cusps on the same transverse 
line, whilst that cusp appears to be single in Phascolotherium, 
The cingulum, moreover, in the second to the penultimate of 
the molar series of this fossil, extends so far as to form a small 
talon at the fore and back part of the crown ; thus making 
five points, which are very distinct in the third to the penul- 
timate tooth inclusive ; and by this character the dentition of 
Phascolotlierium diflei*s materially from any existing Marsupial, 
and repeats the tj'pe of molar which, as yet, would seem to be 
peculiar to the Insectivora of the oolitic epoch. There is a 
feeble indication of this structure in the antepenultimate and 
penultimate molars of Thylacinits, but the hinder division of 
the crown shews two small cusps on the same transverse line, 
besides the rudimental hindmost one ; and tliere is no cin- 
gulum. Upon the whole, it would seem that, though the 
affinity may not be close, Phascoloiherium most resembles 
Thylacinus amongst existing Mammals ; but TJu/lacimis is now 
confmed to Tasmania, and is there fast verging to extinction. 

The resemblance shewn by the lower jaw and its teeth of 
the Amphithere and Phascolothere to marsupial genera now 
confined to Australia and Tasmania, leads one to reflect on the 
interesting con'espondence between other organic remains of 
the Oxfordshire oolite and other existing forms now confined 
to the Australian continent and surrounding sea. Here, for 
example, swims the Cestracion, or Port-Jackson shai'k, which 
has given the key to the nature of the "palates" from our 
oolites, now recognized as the teeth of congeneric larger foniis 
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of cartilaginous fishes. Mr. Broderip observes,* " that it may 
not be uninteresting to note that a recent species of Trigonia 

has ver}" lately been 
discovered on the 
coast of Austi-alia, 
that land of marsu- 
pial animals. Our 
specimen lies im- 
bedded with a num- 
ber of fossil shells 
of that genus." Not 
only Tingonicc but 
Tcrebratulcfi exists 
and the latter ab- 
undantly, in the 
Australian seas, 
Zl yielding food to 
the Cestracion, as 
their extinct ana- 
logues doubtless 
did to the allied 
Plagiostomes with 
crushing teeth, cal- 
led Acrodusy Psam- 
modtis, etc. Arau- 
carta: and cycadeous 
l)lant8, like those 
found fossil in ool- 
itic beds, flourish on 
the Australian con- 
tinent, where marsupial quadnipeds now abound ; and thus 
appear to complete a picture of an ancient condition of 
the earth's surface, which has been superseded in our hemi- 

* Zoological Journal, vol. iii., p. 408, pi. xl., 182H. 




Fig. 114. 
After Fitton. 

1. Rubbly liniefltone (combrash). 

2. Clay, with TerebratulitCM. 

3. Liraestone rock. 

4. Blue claj. 

5. Oolitic rock. 

6. Stiff clay. 

7. Oolitic rag, or limeBtone. 

8. Sandy bed containing the Stonesfield slate. 
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sphcvi' by other stratu and a higher type of inaininaliaii 
organization. Fig. 114? represents a section of the strata 
overlying the slates whence the fossil mammalian jaws, with 
associated Megalosaui-s, Pterodactyles, and other oolitic or- 
ganisms, have been obtained at Stonesfield in Oxfordshire. 
The vertical thickness of the strata through which the shaft 
is sunk to the gallery is G2 feet ; on the side opposite tlie 
right hand is marked the depth of the horizontal galleiy, 
where the slate is dug which contains the fossils ; on tlie 
opposite side the strata are numbered in succession. 

Geiius Stereognathus. — This mammalian animal, from 
the Stonesfield slate, exhibits a type of grinding teeth distinct 
from that in any of the previously acquired jaws from secon- 
dary strata, and appears to have ^ ^ 
been a small vegetarian or om- 
nivorous quadruped. It is known 
by a portion of a lower jaw, im- , 
bedded in the characteristic ma- r 
trix, and three molar teeth (fig. 
115, a, h, c). The crown of the 
tooth (fig. 1 1 6, 5) is of a quadrate ^'^' ^ ^ ^• 

- _ .,,. , , ^i -IT Stereognathus: portion of jaw, im- 

form, 3 millimetres by 3i milll- bedded in oolitic matrix (nat. 

metres, of very little height, and ^**®)' 
supports six subequal cusps in three pairs, each pair being 
more closely connected in the antero-posterior direction of the 
tooth than transversely. 

The outer side of the crown (fig. 1 1 5, h)y supported by a 
bifurcate fang which contracts as it sinks into the socket, 
shews two principal cusps or cones, and a small accessory 
basal cusp. The cones are subcompressed, and placed obliquely 
on the crown, so that the hinder one (o, fig. 110) is a little 
overlapped externally by the front one, o, the fore part of the 
base of the hinder one being prolonged inwards on the inner 
side of tlie base of the front cone. The two middle cones 
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(A, i) are subcompressed laterally, with the fore part of their 
base a little broader than the back part The two inner cones 
(jpy p) have their inner surface convex, with their summits 

slightly inclined forwards. The 
fore part of the base of the 
hinder cone is prolonged ob- 
liquely towards the centre of 
the crown, beyond the con- 
tiguous end of the base of the 
front cone, so as to cause an 
arrangement like that of the 
two outer cones (o, 6\ the ob- 
liquity of the posterior cone 
Fig. iitj. of both the outer and the 

StereognathuM ; upper view of portion inner paifS being SUch that 
of jaw (nat. Bize), ami magnified view , ,. , , 

of the middle tooth, B (Stoneefield they slightly converge as they 
^^^^*')- extend forwards. 

This tyi)e of tooth differs from that of all other known 
recent or extinct Mammals. The nearest approach to it is 
made by the middle lower true molar (fig. 124, m, 2) of Plio- 
lophus vulpiccps^ a small extinct herbivorous Mammal from 
the London clay. 

That the fragment in question is the jaw of a Mammal is 
inferred from the implantation of the tooth by two or more 
roots. Most Mammals are known to have certain t<jeth so 
implanted. Such complex mode of implantation in bone has 
not been observed in any other class of animals. Why two 
or more roots of a tooth should be peculiar to viviparous 
quadnipeds, giving suck, is not precisely known. That a 
tooth, whether it be designed for grinding hard or cutting soft 
substances, should do both the more effectually in the ratio of 
its firmer and more extended implantation, is intelligible. 
That a more perfect performance of a preliminary act of 
digestion should be a necessar}'^ correlation, or be in harmony, 
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with a more complete conversion of the food into chyle and 
blood, — and that such more efficient type of the whole diges- 
tive machinery should be correlated, and necessarily so, with 
the hot blood, quick-beating heart and quick-breathuig lungs, 
with the higher instincts, and more vigorous and varied act« 
of a Mammal, as contrasted with a cold-blooded reptile or 
fish, — is also conceivable. To the extent to which such and 
the like reasoning may be true, or in the direction of the 
secret cause of the constant relations of many-rooted teeth 
discovered by observation, — to that extent will such rela- 
tions ascend from the empirical to the rational category of 
laws. 

The interest which the above-described fossil from the 
Stonesfield oolitic slate excites is not exclusively due to its 
antiquity, its uniqueness, or its pecuharity ; much is attached 
to its relations as a test in palaeontology of the actual value of 
a single tooth in the determination of other parts of the 
organization of the animal. According to our opinion of these 
unseen partes, we frame our expression of the nature and 
affinities, or of the jJace in the zoological system, of the 
extinct species. From the resemblance of the lower molars 
of Stereognathns to those of Pliolophus, wliich, though not 
close, is closer than to the teeth of any other known animal, 
it is probable that the Stercognathus was hoofed, and conse- 
quently herbivorous, or deriving the chief part of its subsis- 
tence from the vegetable kingdom. Cuvier has written, — 
" La premiere chose k faire dans I'^tude d\m animal fossile est 
de reconnaitre la forme de ses dents molaii-es ; on detennine 
par 111 s'il est caraivore ou herbivore, et dans ce dernier cas, 
on pent s'assurer, jusqu'a un certain point de Tordre dTierbi- 
vores auqiiel il appartient."* In the case in question the 
form of the molar teeth of one jaw is recognizable, but the 
herbivority of the fossil is not thereby determined. We c^n 
* Ossemens Fosailes, 4to, torn, iii., 1822, p. 1. 
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only infer it to be moi^e probable that tlie fossil was a Herbi- 
vore than an Insectivorc or a mixed-feeding Carnivore. 

Admitting the herbivority of the fossil, it is not certain 
that it was hoofed ; there is nothing in the form and structure 
of the tooth to prove that. Itoth form and structui*e are 
compatible with the bootless muticate type of herbivorous 
Mammal, as shewn by the Manatee ; it is the small size of 
the Stereogiiathns which renders it less probable that it w^as a 
diminutive kind of Manatee, and moi'e probable that it was a 
diminutive form of Ungulate. But seeing the manifold 
diversities of the multi-cuspid form of molar teeth in recent 
and extinct insectivorous unguiculate quadrupeds, it is not 
impossible but that the Stcrcogiiathus may have belonged to 
that order ; there is no known physiological law forbidding it. 

The form of the cusps, and their regular symmetrical 
arrangement in the SiereofputthttSy as compared with the known 
modifications of nnilti-cuspid molars in certain small extinct 
forms of hoofed <]uadnipeds, constitute the sole ground upon 
which an opinion is formed of it« most probably belonging to 
the same section of Ungulata, But nothing is known of the 
comparative anatomy of the family of quadrupeds to which 
the Stercoffnathit^ belonged. Its peculiar type of giinding 
tooth may have been combined with modifications of the 
skeleton so far different from those of any now known, as to 
have constituted a peculiar marsupial family w^ith a t}^ of 
skeleton as distinct as that which Cuvier inductively studied 
in the feline Camivora (fig. 160), and in the niminant Herhi- 
vara (fig. 161), whereby he was enabled to enunciate that 
beautiful law of the " correlation of forms and structures," the 
application of which will be subsequently illustrated. 

In the ratio of the knowledge of the reason of the coinci- 
dences of animal structures — in other words, as those coinci- 
dences become " coiTclations'' — is our faith in the soundness 
of the conclusions deduced from the application of such law. 
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A knowledge of the physiological conditious governing the 
relations of the contents of the cavities of bones to the flight 
and other modes of locomotion in birds, both enabled the 
writer to infer from one fragment of a skeleton that it belonged 
to a terrestrial bird deprived of the power (jf flight, and to 
predict that such a bird, but of less rapid course than the 
ostrich, would ultimately be found in New Zealand.* 

Certain coincidences of form and structure in animal 
bodies are determined by observation. By the exercise of a 
higher faculty the reason, or a reason, of these coincidences is 
discovered, and they become correlations ; in other words, it is 
known not only that they do exist, but how they are related 
to each other. In the case of coincidences of the latter kind, 
or of '* correlations" properly so called, their application to the 
reconstruction of an extinct species is more easy and sure 
than in the case of coincidences which are held to be constant 
only because so many instances of them have been observed. 
The application of the latter kind of coincidences is limited 
to the actual amount of obser\'ation of them. 

The consciousness of that limitation led the enunciator of 
the law of correlation to call the attention of palaeontologists 
expressly to the extent to which it could then be applied, as, 
for instance, to the determination of the class, but not the 
order ; or of the order, but not the family or genus, etc. ; and 
to caution them also as to the extent of the cases in which, 
the coincidences being only known empirically, he enjoins 
the necessity of further obser\'ation, and of caution in their 
induction. Cuvier expresses, however, his belief that such 
coincidences must have a sufficient cause, and that cause once 
discovered, they then become correlations and enter into the 
category of the higher law. Future comparative anatomists 
will have that great consununation in view, and its result, 
d()ul)tlessly, will be the vindication of the full value of the 

* Transactions of the Zoological Society, vol. iii., p. 32, pi. 3. 
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law in the iiit<?rpretatioii of fossil i^emaiiis as defined by the 
illustrious founder of paheontolog}\ 

Geniis Spalacotherium, Ow. —The next stratum overlying 
the older oolites in which mammalian remains have been 
detected, is a member of the newest oolitic series at Purbeck, 
Dorsetshire, called the ''marly" or '*diii^bed;" they have 
been described under the name of SpalacothcHum* tncuspidens. 
The specimen here selected (fig. 117) to exemplify the species 
jkjk is a right ramus of the lower 

— •HUAA .^^ jaw. The posterior half con- 
tains four teeth, and, instead 
Pig 1J7 of shewing the compound 

Spalacotherium tricuspuUns (twice nat. Structure which that part of 
size), Purbeck beds. ^^^ .^^ ^^^^.^,^ ^ ^j^^ j.^^ 

tribe, it is undivided. The crowns of the teeth are long, nai^ 
row, and tricuspid, the inner part of the crow^n being produced 
into a point both before and behind the longer cusp which forms 
the chief outer division of the crown. Each of these teeth is 
implanted by a fang divided externally into two roots, in a 
distinct socket in the substance of the jaw. The multicuspid 
crown, the divided root of the tooth, its complex implantation, 
and the undivided or simple structure of the ramus of the 
jaw, all concurred, therefore, to prove the mammalian nature 
of this fossil. Other specimens shewed that the Spalaco- 
theinum had ten molar teeth in each ramus of the lower jaw, 
preceded by a small canine and incisors. The anterior molars 
are compressed, increase in height and thickness to the sixth, 
and from the seventh decrease in size to the hindmost, 
which seems to be the last of the series. ' The sharp multi- 
cuspid character of so much of the dental series as is here 
preser\'ed, repeats the general condition of the molar teeth of 
the small insectivoix)us Mammalia in a striking degree : one 
sees the same perfect adaptation for piercing and cnishing the 
* From rTK^mlf a mole: hfi**, a beast. 



THICONODON. 351 

tough chitinous cases and elytra of insects. The particular 
modification of the pointed cusps, as to number, proportion, 
and relative position, resembles in some degree that of the 
Cape mole {Chrysochlora aicrca), but both in these respects 
and in the number of molars, the dentition accords more 
closely with that of the extinct Amphitherium. The chief 
interest in the discovery of the Spalacotlierium is derived 
ixom its demonstration of the existence of Mammalia about 
midway between the older oolitic and the oldest tertiary 
periods. 

Both the Oxford oolitic slate and the Purbeck marly shell- 
beds give evidence of insect life ; in the latter formation abun- 
dantly. The association of these delicate Invertebrata with 
i-emains of plants allied to Zamia and Cycas, is indicative of 
the same close interdependency between the insect class and 
the vegetable kingdom, of which our power of surveying the 
phenomena of life on the present surface of the earth enables 
us to recognize so many beautiful examples. Amongst the 
enemies of the insect class ordained to maintain its due nume- 
rical relations, and organized to pursue and secure its count- 
less and diversified members in the air, in the waters, on the 
eartli and beneath its surface, bats, lizards, shrews, and moles 
now carry on their petty warfare simultaneously, and in 
warmer latitudes work together, or in the same localities, in 
their allotted task. No surprise need therefore be felt at the 
discovery that Mammals and Lizards co-operated simultan- 
eously and in the same locality at the same task of restraining 
the undue increase of insect life during the period of the de- 
l)Osition of the Lower Purbeck beds. 

Genus Triconodon, Ow. 

Sp. TricoTWihn inordcix, — ^This name is proposed for a small 
zoophagous Mammal, whose generic distinction is shewn by 
the shape of the crowns of the molar teeth of the lower jaw, 
(fig. 118), which consist of three nearly equal cones on the same 
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longitudinal row, the middle one being very little lai-ger than 
the front and hind cone ; and these cones are not complicated 
by any cingulum or accessory basal cusp. The convex con- 
dyle is below the level of the alveoli, 
is jjedunculate, and there is no angu- 
lar pi-ocess projecting beneath it. The 
,,. ^ coix)noid process is broad and high, 

.law of Tncojuxhmmordax ^ith its hinder poiut not extended so 
(..at. size). Purbeck. ^-^j. ^^^]^ .^ |.}^^ condyle ; the depression 

marking the insertion of the temi)oral muscle extends nearly 
to the lower border of the jaw. There are tlie obscure romains 
of throe broken incisors, and the point of apparently a canine ; 
next come the two stumps, or broken roots of a small pre- 
molar ; then tlie crown of a second double-rooted premolar, 
which shew a principal cone and a small anterior cusp ; the 
next tooth is w^anting ; thcju there is a large premolar, ^vith 
the two fangs raised some way out of their socket : the crown 
of this tooth shews a principal cone, with a small anterior and 
large posterior talon ; it rises, apparently from partial dis- 
placement, higher than the succeeding molars ; these are three 
in number, and present the characteristic three-coned structui-e 
already described ; each cone is smooth, and convex exter- 
nally. The three cones seem to answer to the three middle 
or principal cones of the molars of Amphilestes and Phascolo- 
thorium, but the front auid hind cones are raised to near 
e(|uality with the middle cone in Triconodon, 

The lower jaw of this species, in the relation of the coii- 
tlyle to the lower border, resembles that of PJiascolotJienum 
more than that of Aviphitfierium, but it differs from both ; 
th(;re is not the same gitidual curve from the condyle to the 
symphysis as in Phmcolothcrium ; and the condyle, besides 
being on a lower l(»vel, is divided by a less deep notch from the 
coronoid process. This process is lai-ger in proportion to the 
•'utire jaw ; approaches more nearly to tlie quadrate or ihoin- 
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bold form, the upper border being less curved ; it aftbrds a 
more extensive surface of attaeliment to the principal biting 
nmscles than in most predatory extinct or recent quadrupeds. 
This character, with the depth and strength of the jaw, sug- 
gested the specific name. From the shape of the exposed pait 
of the mmus, we may conclude that the part answering to the 
angle is bent inwards, and that Triconodoii was a genus of the 
marsupial order. The specimen was discovered by Mr. Beccles 
in the same "dirt-bed" at Purbeck as that in which Spaiaco- 
therium was found. 

Geiias PlagiauLjVX,* Fr. — The most remarkable of Mr. 
Beccles' discoveries in the above formation are the mammalian 
jaws indicative of the genus above named, of which two species 
have been determined by Dr. Falconer. 

Sp. Plagiaulao: Bfcclesa\ Fr. — Two specimens exemplified 
the shape and pro- 
portions of the entire 
jaw of this species 
(fig. 119). The fore- j; 
most tooth (i*) is a (. '^ 
very lai-ge one, * 
shaped like a canine, 
but implanted by a „ . , „...;. . x ,> , , 

Plagmulax Becclesu (twice nat. size), Purbeck. 
thick root in the 

fore part of the jaw, like the lai-ge lower incisor of a shrew or 

wombat. The three anterior t^eth in place have compressed 

trenchant crowns, and rapidly augment in size fi*om the first 

(i) to the third (4). They are followed by sockets of two 

much smaller teeth, shewn in other specimens to have sub- 

tuberculate ci'owns i-esembling those of Microlestes. The large 

front tooth of FfagiauUtx is formed to pierce, retain, and kill ; 

• An abbreviation for Plagiaulacodon^ from irXay/#f, oblique^ and cvX«(|, 
ffroore : having reference to the diagonal grooving of the premolar teeth. " I'ro- 
ceedings of the Geological Society," March 1857, p. 261. 

2 A 
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the succeeding teeth, like the caraassials of Carnivoiu, are, like 
the blades of shears, adapted to cut and divide soft substances, 
such as flesh. As in Carnivora, also, these sectorial teeth are 
succeeded by a few small tubercidar ones. Tlie jaw conforms 
to this character of the dentition. It is short in proportion to 
its depth, and consequently robust, sending up a broad and 
high coronoid process (i), for the adequate grasp of a large 
temporal muscle ; and the condyle (c) is placed below the 
level of the grinding teeth — a character unknown in any 
herbivorous or mixed-feeding Mammal ; it is pedunculate, as 
in the predaceous marsupialia, whilst the lever of the coronoid 
process is made the stronger by the condyle being carried 
farther back from it than in any known carnivorous or herbi- 
vorous animal. The angle of the jaw makes no projection 
below the condyle, but is slightly bent inward, according to 
the marsupial type. 

Sp. Plajiaulnx minor, Fr. — In this species the first pre- 
molar (fig. 120, p, i) is pre- 
'^Vn ^**# served ; the rest {p, 2, 3, and 4) 

. ' ^^^^^ shew nearly the same shape and 
proportions as in P. Becclesii. 
The first molar (?n, i) has a 
^!j^j2o broad depression on the grind- 

rioffiaulax minor (four times nat. size), ^^g SUrface, SUrTOUnded by 

Purbeck (after Lyell). tuberclcs, of which three are 

on the outer border ; tlie mai'ginal tubercles of the second 
molar (7/1 2) are smaller and more numerous. 

In the general shape and proportions of the large premolar 
{]), 4) and succeeding molars, Plagiaulax most resembles 
Thylacoleo (fig. 173, p, m i and 2), — a much larger extinct 
predaceous Marsupial from tertiary beds in Australia. But 
the sectorial teeth in Plagiaulax are more deeply gi'ooved ; 
whence its name. The single compressed, premolar of the 
kangaroo-rat is also grooved ; but it is differently shaped, and 
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is succeeded by four square-crowned double-ridged grinders 
adapted for vegetable food ; and the position of the condyle, 
the slendemess of the coronoid, and other characters of the 
lower jaw, are in conformity to that regimen. In Thylacolco 
the lower canine or canine-shaped incisor projected from the 
fore part of the jaw close to the symphysis, and the correspond- 
ing tooth in Plagiaulax more closely resembles it in shape and 
direction than it does the procumbent incisor of Hypsi/pTymnus. 
From this genus Plagimdax differs by the obliquity of the 
grooves on its premolars ; by having only two true molars in 
each ramus of the jaw, instead of four ; by the salient angle 
wliich the surfaces of the molar and premolar teeth form, 
instead of presenting a uniform level line ; by the broader, 
higher, and more vertical coronoid ; and by the very low 
position of the articular condyle. 

The physiological deductions from the above-described 
characteristics of the lower jaw and teeth of Plagxaulax are, 
that it was a carnivorous Marsupial. It probably found its 
prey in the contemporary small insectivorous Mammals and 
Lizards, supposing no herbivoi'ous form, like Stereo^nathus, to 
have co-existed during the upper oolitic period. 

In the Woodwardian Museum at Cambridge is a specimen 
of anchylosed cervical vertebra? of a cetaceous animal as large 
as a gi-ampus, but presenting specific distinctions from all 
known recent and fossil species. It is stated to have been 
found in the brown clay or ** tilP near Ely ; but in its petri- 
fied condition, colour, and specific gravity, it is so different 
from the true bones of the ** till," and so closely like the fossils 
of the Kimmeridge clay, as to make it extremely probable that 
it has been washed out of that formation. 

No evidence of the mammalian class has yet been met 
with in the chalk beds. 

The examples of the Marr\ina\ia of the oldest tertiary 
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strata are the Coryphodoii and Palaocyon, respectively repre- 
senting the ungulate (lierbivorous) and unguiculate (carnivor- 
ous) nioditications of the wave-brained section of the class 
{Gip'cncejyhala) ; their remains have been found in the plastic 
clay and equivalent lignites in England and France. 

Genus Coryphodon, Ow. — Earely has the writer felt more 
misgiving in regard to a conclusion based, in paheontologj", on a 
single tooth or bone, than that to wliich he arrived after a study 
of tlie unique fragment of jaw with one tooth djedged up off the 
Essex coast, and on which he founded the genus CorypJiodon,* 

The marked contraction of the part of the jaw near one 
end of the tooth seemed, at first view, clearly to shew it to be 
the narrower fore part of the ramus ; in that case the tooth 
would have been a premolar, and of comparatively little value 
in the determination of a genus or species. But a closer in- 
spection shewed the line of abrasion of the summits of the two 
transverse ridges of the tooth to be on one side, and the gene- 
ral law of the relative apposition and reciprocal action of the 
upper and lower grinders in tapiroid Pachydenns determined 
that those oblique linear abrasions must be on the hinder 
side of the ridges. The smaller and more obscure characters 
carried conviction against the showing of the larger and more 
catching ones. So, in determining the position of the nautilus 
in its pearly abode, when the animal without its shell w^as 
first brought to England in 1831, the i-easons afforded by some 
small and inconspicuous parts in like manner outw^eighed the 
first impressions from more obvious appearances, as well as 
the bias fi-om the general analogies of testaceous Univalves. 
Sr)me contemporary naturalists asserted, and for a time it was 
believed, that the nautilus had been put upside down in its 
shell, t just as some contemporary anatomists surmised that 

• History of British Fossil Mammals, 8vo, p. 299, figs. 103, 104. This 
specimen is now in the British Museum. 

t In plate i. of the writer's Memoir of the Nautilus, 4to, 1832. 
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the writer had mistaken the fore for the back part of the jaw 
of his Coryjyhodon, which, iu that case, might only be the 
knowii Lophiodon. In both instiinces the conclusions founded 
on the less obvious characters have proved to be correct. And 
the writer woidd remark that, in the coui-se of his experience, 
he has often found that the prominent appearances which first 
catch the eye, and indicate a coufonnable conclusion, are 
deceptive ; and that the less obtrusive phenomena wliich 
require searching out, more frequently, when their full signi- 
ficance is reasoned up to, guide to the right comprehension of 
the w^hole. It is as if truth were whispered rather than out- 
spoken by Nature. 

A fossil canine tooth,* brought up from a depth of 1 60 
feet, out of the ** plastic clay," during the operations of sinking 
a well at Camberwell, near London, belongs, from its size 
(near 3 inches in length), to a large quadruped, and, from the 
thickness and shortness of its conical crown, not to a carnivor- 
ous but to a hoofed Mammal, most resembling in shape, 
though not identical with, that of the crown of the canine 
tooth of some large extinct tapiroid Mammals, which Cuvier 
had referred to his genus Lophiodon, but which has since 
proved to belong to Coi'yphodon, 

The last lower molar of Lophiodon has three lobes ; the 
corresponding molar of Coryphodon resembles that of the 
tapir in the absence of a third lobe. It presents two divisions 
in the form of transvei*se ridges or eminences, the front ridge 
l)cing the largest, and with its edge most entire. From the 
outer end of each division a ridge is continued obliquely 
forward, inward, and dovvTiward : the anterior one extends to 
the antero-internal angle of the base of the crown ; the 
posterior one terminates at the middle of the interspace be- 
tween the two chief divisions of the crown. Tlie tix^Jichant 
summit of the anterior ridge is slightly concave toward the 
* Hist. Brit. Fo88. Mamm., p. 3W, fig. 105. 
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foiv, part of the tooth, a.s in that of Laphivdon ; but its outer 
and inner ends rise higher, and appear as more distinct cones 
or points ; the posterior ridge shews three points ; whence 
the generic name of Coryphodoiu 

Some lophiodontoid fossils from the lignites of Soissons 
and Laon, and from the plastic clay of Meudon in France, 
including the upper molar tooth figured in the chapter of the 
*' Eecherches sur les Ossemens Fossiles," entitled " Animaux 
voisuis de Tapirs," pi. vii., fig. 6, belong to the genus Cory- 
phodon, Cuvier states that the entire skeleton was found, 
indicative of an animal as long and almost as large as a bull. 
Both the lower molar from Harwich, and the upper one from 
Soissons, indicate an animal of at least double the size of the 
American tapir. 

Professer Hebert has recently described a veiy instructive 
series of teeth and bones from the oldest eocene deposits in 
Fi-ance, which he refers to a smaller species of the genus 
CoT]fphA){hm : * the last molar is identical in form with the 
tooth from the plastic clay of Essex, on which the genus was 
originally founded. 

Gcnm Pliolophus, Ow. — ^The most complete and instruc- 
tive example of a Mammal from the next overlying division 
of the eocene tertiaries, viz., the ** London clay," is the Pliolo- 
phm vulpiceps. It is a hoofed Herbivore, but presents a denti- 
tion not exhibited by any later or existing species of Mammal. 
The characteristics of the skull (fig. 121) determine the 
hoofed nature of the species, and its affinities to the Perisso- 
dactyla, or the order of Ungulata with toes in odd number. 
The extent and well-defined boundary of the tempoi-al fossne 
by the occipital (3), parietal (7), and post-frontal ridges, and 
their free communication with the orbits, give almost a car- 
nivorous character to this part of the cranium ; but as in the 

* Comptes Rendus dc I'Acad. des Sciences, Paris, 2Gth January i857 
(Coryphodon Oweni, Herbert). 



PLiOLOPiius. 359 

hog, liyrax, and palceothere, the greatest eevohral expansion is 
at the middle and toward the foi'e part of the fossa*, with a 




Fig. 121. 
Skull of PUolophus vulpicept (half nat. size), London clay. 

contraction toward the occiput ; the hrain-case not continuing 
to enlarge hackward to beyond the origin of the zygomata, as 
in the fox. The zygomatic arches hav^ a less outward span 
than in the Carnivora, In this part of th^ cranial structuix^ 
Pliolophtis resembles Falccoth^rium more than it does any 
existing Mammal ; but the post-frontal processes are longer 
and more inclined backward. The incompleteness of the 
orbit occurs in both Anoplotlierium and PalwotJierium, as in 
Rhinoceros, Tapirus, and the hog tribe ; but in the extent of 
the deficient rim, Pliolophus is intermediate between Palcco- 
tlieriitm and Tapinis, The orbit is not so low placed as in 
PakeotJieriumy Tapinis, and RhiTWCcros, nor so high as in 
Hyrax or Sxis, The straight upper contour of the skull 
(7 to 15) is like that in the horse tribe and Hyrax, and differs 
from the convex contour of the same part in the Anoi)lothere 
and PaLKothere. The size of the antorbitnl foramen {a) 
indicates no unusual development of the muzzle or up])er lip. 
In the conformation of the nasal aperture by four bones (two 
nasals, 15, an<l two premaxillaries, 22), the IMioloph resembles 
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the lioi-se, liyrax, hog tribe, and auoplothere, aud differs from 
the rhinoceros, tapir, and paheothere, which have the niaxil- 
laries, as av(?11 as the nasals and preniaxillaries, entering into 
the formation of tlie external bony nostril. 

The ungulate aud herbivorous character of Pliol&jjhus is 
most distinctly marked by the modifications of the lower jaw, 
especially by the relative dimensions of the parts of the 
ascending ramus which give the extent of attaclmient of the 
biting (temporal) and grinding (masseteric and pter^^goid) 
muscles respectively. In the shape of the mandible Plio- 
loplius most resembles Tapirus among existing, and the 
Palceotherium among extinct, Mammals. As in almost every 
species of eocene quadruped yet discovered, the PliolopMis 
presents the type-dentition of the placental diphyodont 
series, viz. — 

?■*—■* c^~' 1}^^ m^^-U 

^S_3J ^l_p y^4_4> ''^s-3"**- 

These symbols signify that there are 3 incisors, 1 canine, 
4 premolai"s, and 3 molars, on each side of both upper and 
lower jaws, uuiking 44 teeth in all. The " incisors** are the 
teeth implanted in the premaxillary bones (fig. 121, 22), and in 
the opposed end of the mandible ; the "canine" is the tootli 
in the maxillary (//>. 21) nearest the suture with 22, and the 
opposing tootli in mandil)le : it is usually long and pointed. 
The "premolars'* are those teeth, at the fore paii of the grind- 
ing series, which succeed vei^tically (fig. 122, p 1,2,3,4), and 
displace the deciduous or milk-molars {iky ^ 1, 2, 3, 4). The 
" molars" are those at the back part of the grinding series 
which succeed the milk-molars and each other horizontally, 
one behind another, without displacing any predecessor (i7>., 
HI 1, 2, 3). In all non-marsupial mammals — the majority of the 
class — which have tw^o sets of teeth, milk and permanent, the 
several kinds do not exceed the numbei-s above defined : but 
only one or two genera, r.ff,, Stfs and Gymm(rn, now exhibit 
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the full complement ; thus in the Hyrax (fig. 1 22) the canines 
are wanting, and there is but one incisor (t), which, however, 
is of large size in each 
premaxillary. In the 
elephants the incisor be- 
comes a tusk (fig. l-l-?) ; MYy^ 
in the Eodents (fig. 1 65, i) 
it acts as a chisel; in 
the tapir the first pre- 
molar is wanting (fig. 
Ill), and other modifi- 
cations, chiefly by defect 
of number, are manifold among existing species. But in the 
earliest known placental mammals the type-dentition, as for- 
mulised in FliolophiiSy was the rule, and has been manifested 
in the following : — 




Fig. 122. 

Deciduous and permanent dentition, upper 
jaw, Hyrax. 



Palmocyon 

Coryphodon 

Pachynolophus 

L&phiotherium 

Pliolophus 

Hyracof/ifriuvi 

Pal(ro(henHm . 

Anoj)Iothen'um 

Anchithtrium . 

Dichohune 

Xijf/iodoii 

Dichodon 

Microtheriam . 

Amphitra^uhis 

Amjyhimeryx . 

Dorcdtherium . 

Chalicothtrium 

Aphdothi^riam 

Anthracotherimn 

/ft/opotamffs 



FORMATIONS. 

Sables de Bracheiix (or somewhat older). 

Pla.stic clay. 

Calcaire grossier iiioyen. 

Manies lacustres d'Alais (Oard). 

London clay. 

London clay. 

Paris gyps. 

Paris g}'ps. 

Lignites de la Debnige, pros Apt. 

Binstead. 

Lignites de la Debruge. 

Honlwell. 

Mames calcaires lacustres, Puy du Dome. 

Marnes Licustres en Velay. 

Lignites de Debruge. 

Mioc<?ne d'Eppelsheim. 

Miocene d'Eppelsheini. 

Marnes calcaires de Barthelemy. 

Marnes niiocenes de Mois;<ac. 

Binstead and Hordwell. 
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OKNP.KA. 

xhichilophus 

Bothrwdoii 

Pakeochceru^ 

Chceropotamii^ 

Chceromoras 

Potbrotherium 

lliiypohyui 

llippoihtrium 

Ilipparion 

Heterohi/m 

Etitelwloti 

Hycenodon 

Pterodvn 

Arctocifon 

Qaleihylax 

Amphicyon 

Chosrotherium 

Hhatjatherium 



FURMATIUNK. 

(^ilcaire grc>8«ier de Butigiiulles. 

Mioc^^ne de Moissac. 

Calcaire lacustre de Counion. 

Paris gypsum, and Binstt^ud. 

Calcaire lacustre, Sansan. 

Eocene (upper?), N. America. 

Miocene, Sewalik Hills. 

Miocene d'Eppelsheim. 

Mames fluviatiles de Cucuron. 

Miocene, Sewalik Hills. 

Lignites de Soissonnais. 

Eocene superieure du Qanl ; Honlwell. 

Lignites de Debruge. 

Eocene inf^rieure h la Vere. 

Paris g}'ps. 

Miocene de Sansan. 

Miocene de Bourbonnai^s. 

Eocene of Mauremont, Switzerland. 



The incisors in Pltolophiis are small and equable (fig. 121, i). 
The canines (ib., c) are of moderate length, are separated by a 
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mi. 



Fig. 123. 

True molani, upper jaw (twice nat. 
size), Pliohpkus. 




Fig. 124. 

True molars, lower jaw (twice 
nat. size), Pliciophus, 



vacant space fix)m the outer incisors, and by a longer interval 
from the fii-st i)reinolars, j) i. The grinding teeth increase in 
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size to the penultimate molar in the upper, and to the last 
molar, m 3, in the lower jaw, which tooth has a third lobe. 

In the last premolar upper jaw (fig. 123, j9 4) the two outer 
cones resemble those of the true molars ; but there is only 
one inner cone, and the crown is triangular. A ridge is con- 
tinued from the interspace between the anterior talon (c), and 
the outer anterior lobe obliquely inward and backward to the 
inner lobe, swelling into a small tubercle at the middle of its 
course. 

The first molar (m i) presents four low thick cones, two 
internal and two external : each external cone is connected 
with its opposite internal one by a low ridge, swelling into a 
tubercle at the middle of its oblique course. The second 
molar (m 2) is similar to, but rather larger than, the first ; 
the tubercle on the oblique ridge connecting the two front 
lobes is less develoi)ed. The cingulum is obliterated on the 
inner side of the posterior lobe. Tlie last molar is rather 
narrower behind than mi; the tubercle on the anterior of the 
oljlique connecting ridges is smaUer : that on the posterior 
ridge is almost obsolete. 

In the last lower premolar (fig. 124-, j9 4) the division and 
development of the anterior lobe give rise to a pair of cones, 
one external (a), the other internal (i), connected anteriorly 
by a basal ridge, in fixjiit of which is the fore part of the 
cingulum. The low posterior lobe (c) shews the rudiment of 
a second internal cone (rf). 

The first lower molar (fig. 124, m i) has a pair of front 
lobes and a pair of hind lobes, w4th an oblique ridge con- 
tinued from the postero-intemal lobe to the interspace between 
the front pair. 

Tlie second molar {in 2) shews an increase of size ; but 
its chief and most interesting modification is the development 
of a tubercle {e) between the two anterior lobes, making 
three cones on the same transvei^^ lin^, and thus rei>eating the 
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character of the molar tooth of Stereoffnathics (fig. 125, e). 
The oblique ridge from the outer and hinder lobe (c) abuts 
against the intermediate tubercle (c). The nearest approach to 
the above dentition is made by the extinct 
HyracotheHum;* also a fossil from the Lon- 
don clay. 

The third trochanter on the femur of 
PliolophnSy and the association of three meta- 
Fig. 125. tai*sals in one portion of the matrix, as if be- 

'^'^'aw ?^i*^' 'I'^Ste- ^^"c^^^^S ^^ ^J^® same hind foot, confinn the 
reognathus ooli- perissodact}^le affinities of that genus as 
shewn by the skull. 

Pliohphus and Hyracotltenum form a well-marked section 
of the odd-hoofed herbivores which preceded the palieotherian 
family in time, and retained more of the general ungulate 
type. This is shewn by the graduation of the tapiroid 
modification of the molar teeth into one more nearly resem- 
bling that of the A^ithracothcria and CJi(vroj)ofu7m, by the 
absence of the postero-internal cone on the ultimate premolar, 
by wliich all the premolars are, as in artiodactyles, less com- 
plex than the true molars, by the form and position of the 
nasal bones and by the structure of the external nostril. 

Genus Lophiodox, Cuv. — In the year 1800 Cuvierf first 
announced the discovery of the fossil remains of a quadruped 
allied to and of the size of the tjipir, in the lacustrine deposits 
of the Montague Noir, near Issel, department of Aude in 
Languedoc. The outer incisor of the lower jaw was shoilxjned 
to give room to the longer corresponding incisor above, as in 
the tapir ; the canines offered the same i)roi)ortional develop- 
ment ; but the three premolars of the lower jaw presented a 
more simple structure, having the crown compressed, and 
forming two cones, the front one being the largest ; — in short, 

» HiHt. Brit. Foft8. Mamm., p. 410, figs. Ifio, HM). 
t Bulletin des S^ienccR, Parin, Nivosc, an. viii., No. 34. 
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a structure, the tyi)e of which is presented only by the first of 
the three premolars (fig. 139,2? *) ^ ^^^ genus Tapints. 

Years elapsed ere Cuvier obtained clear evidence of the 
structure of the upper molars of this new fossil Mammal. 
Such detached teeth as had been obtained from the fresh- 
water formations near Issel were referred, owing to the way 
in which they departed from the t}^e of the upper molar 
teeth of the TwjnV, to the genus Rhinoceros. This fact is 
indicative of the annectant affinities of the Lophiodon in the 
perissodactyle series. Besides the character of form, the 
upper molar series of Lophiodoii differs, like the lower one, 
from that in Tapii^uSy in the greater simplicity of the last two 
premolai-s ; these teeth have a single cone on the inner side 
in Lophiodon; they have there two cones in Tapirus (fig. 139, 
p 3 and 4 forming the inner terminations of two transverse 
ridges, as in the true molars. By the modifications of these 
teeth, Lophiodoii indicates the transition to the Ehinoceros 
type, towards which the Paheotherium offers the next step. 

Genus PALiEOTHERiUM, Cuv. — This extinct genus of quad- 




Fig. 120. 
Restoration of the Bd(eotherium (Eocene GrpB). 

ruped was restored (fig. 126) by Cuvier through a series of 
admirable inductions, ultimately verified by the discovery of 
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Fig. 127. 



Upper molar, PaUpotJterium magnum 

(Eocene). 



a nearly complete skeleton. Tlie fossils have been obtained 
chiefly from the upper eocene gypseous formation at Mont 
martre and other parts of France. Though the molar teeth o 
Palocotlierium (fig. 127) resemble in shape and the patten 

of the grinding surface thos< 
of the rhinoceros (fig. 148) 
the entire dentition in th< 
number, kind, and genera 
arrangement of the teeth 
agrees with that of Pliolophm 
Tlie skull affords indication 
that the Paheothere possessec 
a short proboscis. It hac 
three toes on each foot, eacl 
terminated hy a hoof ; th< 
middle one being the largest 
The femur had a third trochanter, and the dorso-lumbar verte 
brae wei*e 21 in number. Several species of Palceothcriun 
have been determined, ranging from the size of a sheep (P 
curtuw) to that of a horse (P. magnum). Fig. 127 gives tin 
grinding surface of an upper molar of this species from th< 
upper eocene of the Bembridge beds, Isle of Wight Th( 
crown is divided into an anterior (/, 6, d) and posterior (/, a, c 
part by an oblique fissure (e), continued from near the middh 
of the inner surface of the crown obliquely across two 
thirds of the tooth. Each division is subdivided partiallj 
into outer (a, h) and inner (c, d) lobes ; the anterior division 
by the terminal expansion {%) of the fissure (c), the post<jrio 
one by the fissure (</). The lobes (c and d) are bordered nea 
their base by a ridge. This is the type of grinding surface 
on which are superinduced the modifications of that surface 
in the upper mohirs of the rhinoceros and horse. Tlie denta 
formula of Pidccothcrium is i |^, c J-~|, p ^, m ^^^=44. Th< 
canines exceed in length the other teeth, and there are con 
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sequently vacancies in the dental series for the lodgment of 
the crowns of the canines when the mouth is shut 

Gentfs ANOPLOTHERIUM, Cuv. — With the same dental for- 
mula as in Palceotherium, the present genus, like DicJiodon (fig. 
130) has no interval in the series of teeth ; neither the canine 
nor any other tooth rising above the general level. The grind- 
ing surface of the molar teeth somewhat 
resembles and prefigures the ruminant 
tyi^e ; in the upper jaw the crown (fig. 
128) is divided into a front (/, c) and a y-' 
back (/, d) part by a valley (e) extending 
two thirds across. A second valley (gt) 
crosses its termination at right angles, ^^F 

forming a cur^-ed depression in each ^,^^^ rnlr'^ An<^the- 

division, which it thus subdivides into rium commune (Eocene 

Gyps). 

two lobes, concave towards the outer 
side of the tooth. There is a lai-ge tubercle (in) at the wide 
entr}' of the valley (e). The Anoplothere (fig. 129) was of a 
lighter and more elegant form than the Pala^othere ; its litnbs 
tenninated each in two digits, with the metapodial bones 
distinct, and the last phalanx hoofed. Some transitory cha- 





Fig. 129. 
Kcstoration of the Anoplotherium commune (Eocene Gyps). 

racters of tlie embiyo ruminant were retained throughout life 
by the Anoplothere. The species restored in fig. 129 was about 
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the size of a fallow-deer : it had a loug and strong tail, and 
was probably of aquatic habits. Smaller and more delicate 

species of AnoiDlo- 
therioids from upper 
eocene strata have 
been referred to dis- 
tinct genei-a by later 
paleontologists. The 
researches of Baron 
Cuvier, which re- 
sulted in the restora- 
tion of the Palavth^- 
rium and Anojylo- 
thenum, are the most 
instructive which the 
paleontologist can 
study. They form 
the third volume of 
the 4to edition of the 
"Eecherches sur les 
^ OssemeiLS Fossiles," 
l-^ 4to, 1822-5. 

Gcnvs Dkhodon, 
Ow. — The upper eo- 
cene beds of Hamp- 
sliire have yielded 
evidence of an ex- 
tinct fonn of even- 
toed (artiodactyle) 
lioofed quadruped, 
most interesting as a 
transitional form be- 
tween the Anoplotherioids and the tnie Euminants. Like 
the Anoplotlierium the dental series is continuous, without 
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break — a character which is only manifested by niankiud 
among existing Mammals — the crowns of the teeth, in Lwhch 
don, being all of nearly equal height, as they are in man. 
On each side of both upper and lower jaws there are in the 
Dichodan (fig. ] 30) three incisors (/, i, 2, 3), one canine (c), four 
premolars (j), i, 2, 3, 4), and three true molars (vi i, 2, 3) — in all 
forty-four teeth, constituting the typical diphyodont dentition 
Arhich so many mammalian genera, on their first appearance 
in the eocene strata, exhibit. It is formulized as follows : — 



to 



^^» ^ 1 i»i^ ll' ^ t'3 ~ ■^■^- Fix)m the first incisor to the third 
premolar the teeth have a more or less trenchant crown. The 
back of the third premolar {p 3) and all the fourth premolar 
{p 4), shew^ the crushing form of crown ; the pattern of which 
in the true molars, after the w^earing down of the first shaq) 
cusps, produces the double crescentic lines of enamel which 
are now peculiar to the Ruminants amongst hoofed quadrupeds. 
The first (/> i), secoild (j> 2), and thiixl (j) 3) premolars have 
their crown much extended from before backwards, with three 
progressively more developed and pointed compresse<l cusps 
on the same line : to which is added, in the upper jaw, an 
inner ridge, developed in the third i)remolar (ji 3) into an 
inner posterior cusp. The fourth premolar (j) 4) has a thicker 
and shorter crown with two paii*s of cusps. The upper tnie 
molars (vi i, 2, 3) have the two pairs of cusi>s sharp and pointed, 
with a series of five low accessor}^ points developed from the 
outer part of the cingulum. The lower molai-s (in i, 2, 3) have 
as complex crowns as the upper ones, but with the accessoiy 
basal points (a, b, c, e) developed from the inner, instead of the 
outer side of the crown, and with the convex sides of the 
chief cusps turned in the opposite direction to those alx)ve. 
At the upper part of fig. 1 30 the outer side of the true molars, 
of the last premolar, of the canine, and of the incisors, is shewn, 
together with the gi'inding surface of the three anterior pi*e- 
molars in the upper jaw. Below these the inner suiface of 

2 B 
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the entire series of the lower teeth is sliewn, together with the 
finding surface of the three true molars, the last of which 
(m 3) here supports a third pair of lobes (e). As compared 
with the anoplotherian molar (fig. 128), the 
outer lobes (a, V) of that of the Dichodon (fig. 
131) are thicker and sharper ; the inner ones 
^v^ (<?, d) — especially the latter — are developed to 
Upper molar of ^^ equality with the outer ones, and more dis- 
Dichodon. tinctly separated from them. The valley {m) 
extends across the whole breadth of the tooth, and is crossed 
at right angles by the fore-and-aft doubly-curved valley (</ 
and %). The extinct species shewing the above characters, and 
on which the genus was founded,* was nearly the size of a 
fallow deer : it is called Diclwdoii cuspidattiSy in reference to 
the number of sharp points on the imwom molars. The 
dentition indicates that its food may have been of a peculiar 
character, perhaps not exclusively of a v5getable nature. 

In the same upper eocene formation of Hampshire have 
been found instructive examples of some smaller members of 
the extinct anoplotherioid family. 

Genus Xiphodon. — The genus Xiphodon was indicated, 
and its name proposed, by Cuvier, for a small and delicate, 
long and slender-limbed, anoplotherian animal, wliich, in 
his first Memoir (Annales du MttsSurriy tom. iii., p. 55, 1803), 
he had called Anoplothcrium medium; but he altered the 
name, in the second 4to edition of the Ossemcns Fossiles (tom. 
iii, pp. 69 and 251, 1822), to that of Anoplothcrium gracUe, 

The distinction indicated by Cuvier is now accepted by 
palaeontologists as a generic one, and a second species {Xipho- 
don Oeijlensis) has been added by M. Gervais (Pal^ontographie 
FrangaisCj 4to, 1845, p. 90) to the type-species, Xipliodon 
gracilis of which he figures an instructive portion of the 
dental series of both jaws, obtained from the lignites of D^ 

• Quarterly Journal of the Geological Society, torn, iv., 1847, p. 36, pi. 4. 
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brugo near Apt. The dental formula of Xiphodon is the 
t>i)ical one, viz.— t ^, c g, p Jfj, m ^^ = 44. 

The teeth are aiTanged in a continuous series in both jaws. 
Tlie canines and first three premolars have the crowns more 
extended antero-posteriorly, lower, thinner transversely, and 
more trenchant, than in the type Arwplothcria (whence the 
name Xiphodon^ or sword-tooth). The feet are didactyle, 
with metacari)al8 and metatarsals distinct. The tail is short. 
The lower true molars have two pairs of crescentic lobes with 
the convexity turned outwards. It was nearly allied to 
Dichodon. 

Genus Dichobune. — The genus Dichohune was proposed by 
(Juvier, in the second edition of his Ossemens Fossiles^ 4to, torn, 
iii., 1822, p. 64, for the Aiwjylothcrivjti minus of the original 
Memoir in the Anncdcs du Mus&umy torn, iii., 1803, and for 
the A. leporinum of the 4to edition, 1822, toni. i., pi. 2, fig. 3 ; 
and torn, iii., pp. 70 and 251. It is closely allied to the ano- 
plotherioid genus Xiphodon ; the dental formula is the same, 
oidy there is a slight interval between the canine and the first 
premolar in both jaws ; the first three premolar's are subcom- 
pressed, subtrenchant, but less elongated from behind forw^ards 
than in Xipliodon. Besides the two normally-developed and 
funcitional digits on each foot, there may be one, sometimes 
two, small supplemental digits. 

A si)ecies of this genus {Didtobune ovina, Ow.) has been 
founded upon an almost entire lower jaw with the permanent 
dental series, w^hich now forms part of the palaK)ntological 
collection in the British Museum. It is from Hampshire 
upper eocene. 

Genus Microtherium. — Entire- crania of Microtherium, 
from the lacustrine calcareous marls of the Puy-de-D6me, are 
in the British Museum : they shew that the hinder division 
of the upper true molars is comjdicated by the additional 
(third) cusj). The Microthere did not exceed in size the 
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delicate chevrotaiiis of Java and other Indo-Arcliipelagii 
islands — c.r/., Tragidus kanchil — yet, like the larger Aiioplo- 
therioids, it differed from the true liuniinants of the present 
day, and adhered to the more general mammalian type, by 
the complete series of incisors. 

The atiinity of the microtheres to the chevrotains is, never- 
theless, very close. Let the formative force be transferred 
Kfroni the small upper incisors to the contiguous canines, and 
the transition would be effected. The ruminant stomach i? 
simplified, in Tragulm, by the suppression of the psalt^riuni 
1 \ or third bag. The stomach of the small Anoplotherioids. 

whilst preserving a certain degree of complexity, might have 
been somewhat more simplified. The certain information 
which the gnulations of dentition displayed by the above- 
cited extinct species impart, testifies to the artificial charactei 
of the order Ruminantia of the modern systems, and to the 
natural character of that wider group of even-toed hoofed 
animals for which has been proposed the term Artiodactyla.* 
1 ! Gmus Hy/KNODON, Laiz. — With the delicate and beautiful 

f I Herbivora of the upper eocene and lower miocene periods, 

: i there coexisted carnivorous quadrupeds, which, to judge by 

j ♦ th(^ character of their flesh-cutting teeth (carnassials), were 

^ more fell and 

^'p/^-* cics of the re- 

I)entiti()n, lower jaw, o{ Uytrnodon. 

markable genus 



>i 



I- 



Hyanwdon^ of about the size of a leopard, has left its re- 
mains in the upper eocene of Hordwell, Hampshire. Fig. 135 

* Quarterly Journal of the Geological Society, vol. iv., 1847. 
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shews the dentition of the under jaw of another species 
of the same genus from miocene beds at Debruge and Alais, 
France. The carnassial teeth (w, i, », 3), instead of being one 
in number in each ramus of the jaw, as in modem Felines, 
were tluree in number, equally adapted, by their trenchant 
shape, to work like scissor-blades on the teeth of the upper 
jaw, in the act of cutting flesh. After the small incisors came 
a pair of large piercing and prehensile canines (c), followed 
by four compressed pointed and trenchant p)*emolai*s (j) i,i,3,4) 
in each side of the jaw ; the whole of this carnivoi-ous denti- 
tion conforming to the diphyodont type : — 

• 8-3 1-1 4-4 3-8 A i 

^3---3' ^M' P 4A^ ^'8-3 = 4.^- 

Genus Amphicyon. — With the foregoing pi-edecessor of the 
digitigrade Carnivora was associated a forerunner of the plan- 
tigi*ade family, — - - - 

viz., a large ex- 
tinct species, 
having the mo- 
lars tuberculated 
after the pattern 
of those of the 
bears ; but re- 
taining, like Hy- 
a'nodan, the per- 
fect type of diphyodont dentition. Fig. 133 shews the teeth 
of one side of the upper jaw of the Amphicyon (jigaiitens. 
The first and second molars (?/i, i and 1) have each two 
tubercles on the outer side and one on the inner side ; the 
last tubercular molar (m, 3) is of veiy small size. Fossil re- 
mains of Anvphicyon have been found principally in the mio- 
cene deposits at Sansans, south of France. Those of a smaller 
si>ecies from the miocene at Eppelsheim, have been referred 
to the wolverine genus, as GmIo (Iiap1i(yi'v.s Kaup. 




Fig. 133. 
Dentitiou, upper jaw, ai Amphicyon. 
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The proofs of the abundant mammalian inhabitants of the 
eocene continent were first obtained by Cuvier from the fos- 
silized remains in the deposits that fill the enormous Paiisian 
excavation of the chalk. But the forms which that great 
anatomist restored wei*e all new and strange, specifically, and 
for the most part generically, distinct from all known existing 
quadrupeds. By these restorations the naturalist was first 
made acquainted with the aquatic cloven-hoofed Anoplothere, 
and with its light and graceful congeners, the Dichobunes 
and Xiphodon, with the great Paloi'otheres, which may be 
likened to hornless rhinoceroses, with the more tapiroid 
Lophiodon, with the large peccari-like Choeropotamus, and 
with about a score of other genera and species of placental 
Mammalia. 

Almost the sole exception to the generic distinction of 
these eocene forms from modern ones was yielded by the 
opossum of Montmartre {Didelphis Gypsortim, fig. 134) ; and 
what made this discovery the moi'e remarkable was the fact 
that all the known existing species of that marsupial genus 
are now confined to America, and the greater part to the 
southern division of that continent. An opossum appears 
to have been associated with the llyracotherium in the 
eocene sand of Suffolk ; where likewise, a porcine beast with 
tusks like ordinary canines {Choeropotamus) ^ and some remains 
of a monkey (Eojrithec^is), have been found. With respect to 
the Diilelphis Gypsorum, its generic relations were deduced 
from characters of the lower jaw and teeth ; but these were 
associated with other parts of the skeleton in the same block 
of stone. Wlien Cuvier expressed his convictions of the 
opossum-natuixj of the fossil from the parts first examined, 
his scientific associates were incredulous. He invited them, 
thei'efore, to witness a crucial test. On the slab containing 
the Jaws and teeth, the outline of the back part of the pelvis 
was also exposed, the fore i)art being buried in the matrix. 
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By his delicate use of the graving-tool, Cuvier brouglit to 
light that part with the two mai'supial bones (fig. 134, a, a) 
in their natural position. He thus demonstrated that there 
had been buried in the soft fresh-water deposits, hardened in 
after ages into the building- 
stone of Paris, an animal 
whose genus at the present 
day is peculiar to America. 
It is not uninteresting to I'e- 
mark that the Peccari, the 
nearest existing ally to the 
old Choeropotamus, is, like 
the opossum, now peculiar 
to America ; and that two 
species of tapir, the nearest 
living allies to the Lophi- 
odon and Palaeothere, exist 
in South America. 

The marine deposits of 
the miocene epoch shew the 
remains of extinct genera of dolphins {Ziphius and Dioplodon) 
and of whales (BcUamodon). Petrified cetaceous teeth and 
ear-bones, called *'cetotolites'* (fig. 135) have been washed 
out of previous strata into the 
red crag of Suffolk. These 
fossils belong to species dis- 
tinct from any known existing 
Cetacca, and whicli, probably, p. ^^^ 

like some contemporary quad- CetotoHte or fosBil ear-bone of J5a/<ffk>- 

rui>eds, retained fully-developed ^ i^*^^^ (^^ ^"^» ^"^*'**')- 
characters which are embryonic and transitory in existing cog- 
nate Mammals. The teeth of these Cetacea were determined 
in 1840, the ear-bones in 1843. The vast numbers of these 
fossils, and the proportion of phosphate of lime in them. 




Fig. 134. 



Pelvis and marsupial bones of Diddphis 
Oypsorum (Eocene, Paris). 
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led Professor Heuslow* to call the attention of agricultuml 
chemists to the red crag as a deposit of valuable manure. 
Since that period it has yielded a large supply, worth many 
thousand pounds annually, of the superj)hosphates. The 
red crag* is found in patches from Walton-on-Naze, Essex, 
to Aldbro', Suffolk, extending from the shore to 5 or 15 
miles and more inland. It averages in thickness 10 feet, 
hut is in some places 40 feet. Broken-up septarian nodules 
fonn a rude fl(X)ring to the cmg, left by the washing off 
of the London clay, and called " rough stone." Tlie phos- 
phatic fossils, or "cops" as they are now locally termed, occur 
in greatest abundance immediately above the ** rough-stone." 
Thousands of cubic aci*es of earlier strata must have been 
broken up to furnish the cetiicean nodules of the " red crag." 
This is a striking instance of the profitable results of a seem- 
ingly most unpromising discovery in pure science, — the deter-* 
mination of what in 1840 was regarded as a rare, unique, and 
most problematical British fossil.f 

Our knowledge of the progi-ession of manmialian life 
during the miocene period is derived chiefly from continental 
fossils. These teach us that one or two of the generic forms 
most frequent in the older tertiary strata still lingered on the 
earth, but that the rest of the eocene Mammalia had been 
superseded by new forms, some of which present charactei^ 
intermediate between those of eocene and those of pliocene 
genem. Tlie iJiiiotherium and narrow-toothed Mastodon^ for 
example, diminish the interval between the Laphiodon and the 
elephant ; the AnUtracotherium and Hi}ypohyus, that bet\veen 
Clvceropotamas and Hijjpopotarmis ; the Accrofherium was a 
link connecting Palccothcrium with Rhinoceros; the Hippo- 
iherluvi linked on Paloplotherium with Equus, 

One of the most extraordinary of the extinct forms of tlie 

* IVocccdingH, ;iiul Quart. Jour. CJool. Soc, 1843. 
f History of nritiHh KoKsil Mnmmal.s, Bvo, p. /iSft. 
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cetaceous order has beeu i-estx)i'ed from fossil remains dis- 
covered in formations of the miocene age in Europe and North 
America. The teeth of this carnivorous whale, for which the 
generic name Zeuglodon seems now to be generally accepted, 
were first described and figured by the mediaeval palaeontolo- 
gist Scilla, in his treatise entitled De Corporibu^ Mariiiis 
(4to, 1747, tab. xii, fig. 1), and have since given rise to 
various interpretations. The originals were obtained from 
the miocene strata at Malta, and are now preser\'ed in the 
Woodwardian museum at Cambridge. 

The remains of a gigantic species of the same genus, 
discovered in miocene formations of Arkansas, Mississippi, 
were described and figured by Harlan as those of a rep- 
tile, under the name of Ba^osauncs* Teeth of a smaller 
species, discovered by M* 
Grateloup,' in miocene 
beds of the Gironde and 
Herault^ were ascribed 
l)y him also to a reptile, 
under the name oiSquci- 
lodan.-\ In 1839 Dr. 
Harlan brought over his 
specimens of Basilomu- 
7'us to London, and sub- 
mitted them to the 
writer's inspection, by 
whom they were determined to be mammalian and cetaceous. 
The entire skeleton has since been obtained from miocene 
deposits in Alabama, revealing a length of body of about 70 
feet. The skull is very long and narrow ; the nostril single, 
with an upward aspect, above and near the orbits. The jaws 
are armed with teeth of two kinds, set wide apart; the 

* Medical and Pliy8ical Researches, p. 333. 
t Act. Soc. Linn, de Bordeaux, 1840, p. 201. 




Fig. 136. 

DeciduouR and permanent teeth of the Zeug- 

lodon. 
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Fig. 137. 
Transverse section of a tooth of the Zeuglodon. Nat. size. 



anterior teeth have subcompressed, conical, slightly-recurved 
sharp-pointed crowns, and are implanted by a single root 
the posterior teeth are larger, with more compressed and 
longitudinally extended crowns (fig. 136), conical, but with a 
more obtuse point, and with both front and hind borders 
strongly notched or serrated. The crown is contracted from 
side to side in the middle of its base, so as to give its trans- 
verse section an hour-glass form (fig. 137), and the opposite 

wide longitu- 
dinal grooves 
which produce 
this form be- 
come deeper as 
the crown ap- 
proaches the 
socket, where 
they meet and 
divide the root into two fangs. The name Zev^lodon (yoke- 
tooth) refers to this structure. The mode of succession of 
the teeth in this genus conforms to the general mammalian 
type more than does that of any of the existing carnivorous 
Cetaceans. In the figure given by Dr. Cams* of a portion of 
the jaw of Zeuglodon cetoidesy a deciduous molar (fig. 136, a) 
is about to be displaced and succeeded, vertically, by a second 
larger molar. This mode of succession is not known in the 
Platanista or Iniay which among existing true Cetacea present 
teeth most like those of Zctiglodon ; but it is a mode of suc- 
cession and displacement affecting certain teeth in the her- 
bivorous Cetacea, or Sirenm ; and we thus seem to have in the 
Zetiglodon another of those numerous instances of a more gene- 
ralized character of organization in older tertiarj' Mammalia, 
In systematic cliai*acters, Zeuglodwi typifies a distinct family 
or group, intermediate l)etween Cetacea proper and Sirenia, 

• Nova Acta Ows. licop. Carol., vol. xxii., tab. xxxix. B, fig. 2, p. 340. 
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Of the latter family or order, however, represented at the 
present day by the Dugongs and Manatees, there were 
abundant and more widely distributed representatives during 
the miocene period, having, upon the whole, the nearest 
affinity with the existing African Manatee {Manatus Senega- 
lensi8% but with associated characters of the Dugong (HcUicore). 
There were, e.^/., two incisive tusks in the upper jaw, and four 
or five small incisors along the deflected part of each ramus of 
the lawer jaw. The upper molars, with three roots, were 
thickly enamelled, like those of the Manatee, but with a pat- 
tern of grinding surface which led Cuvier to attribute detached 
specimens to a small species of Hippopotamus. The lower 
molars had two roots. All the bones have the dense or solid 
structure of those of the Sirenia, On the remains of this 
remarkable amphibious Mammal, discovered in the miocene 
beds at Eppelsheim, Kaup founded the genus Halitherium. 
Other remains have been discovered in Piedmont, Aste, and 
many paits of France, from the **calcaire grossier" of the 
(lironde, containing Lophiodont fossils, up to the pliocene 
near Montpellier ; at which period the Halitherium seems to 
have become extinct. 

Genus Macrotherium, Lartet — The edentate order, wliich 
is so abundantly and variously represented in South America, 
which has its Orycteropes and Pangolins in Africa, and its 
Manises in tropical Asia, has no living representative in 
Europe. Perhaps the most unexpected form of Mammal to 
}>e revealed by fossil remains fix)m European tertiarj' deposits, 
after a Marsupial, was a member of the edentate order. 
Cuvier, by whom the evidence of this extinct animal was first 
made known, prefaces his description of the single mutilated 
phalangeal bone, on which that evidence was founded, by the 
remark, that "nothing proves better the importance of the 
laws of comparative osteolog)- tlian all the ctmsequcnccs which 
one may legitimately draw from a single fnigment." 
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The single mutilated ungual phalanx on which Cuv 
based his conclusions in regard to the species in question v 
discovered, associated with remains of Rhinoceros^ MctstocL 
Dinotheiitmi, and Tapir, in a formation near Eppelshei 
Hesse-Darmstadt, which is now determined to belong to t 
miocene division of the tertiary series. This phalanx she^ 
two distinctive characters of the edentate order : — 1st, ] 
posterior surface for articulati(m with the antepenultima 
phalanx is a double pulley, hollowed out on each side, with 
salient crest between, constituting the firm kind of ginglymo 
joint peculiar to certain Edentata; 2rf, The concave arc 
formed by that pulley curves furthest backward at its upp 
part, which would prevent the claw being retracted upwar 
as in the cat tribe, and constrain the flexion downward — co] 
sequently the phalanx must have belonged to an edenta 
quadruped.* To the foregoing charactei*s are joined t\^ 
others which Cuvier believed to determine the genus. Tl 
species of Myrnwcophaga have on the upper pait of tl 
|K)inted end of the claw-plialanx a groove, indicative of 
disposition to bifurcate ; in the species of Manis the bifurc 
tion is couJiJete, the cleft extending as far as the midd 
of the claw-bone : so likewise in this fossil. The Pai 
golius (Manis) have not those bony sheaths which, in tl 
sloths, some ant-i^aters and armadillos, rise from tlie base ar 
cover the root of the claw ; there was a like absence of ar 
claw-sheath in the fossil. Thus the fossil claw-bone has i 
homologue in existing nature save those of the Manis ; an 
** according to all the laws of co-existence, it is impossible 
doubt that the most marked relations of the animal that bore 
should have been with that genus of quadrupeds.*t But wh 
nmst have been its size ? Tlie phalanx was not one of tl 
largest on the foot — for it had not those slight mised borde 

* " Ainsi cVst neccsssiin'mcnt un ongueal <Vedeiit6." — Ossemens Fossil 
Uo, t. v., pt. i., p. 103. f Ossemens FoRsiles, 4to, t. v., pt. i., p. 19 
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which one sees in the lai'ge claw-bones of the Pangolins. This 
(question Cuvier answered, by the proportions of the short- 
tailed Manis, as being not less than 24 French feet : but more 
moderate dimensions are indicated by certain other bones of 
the skeleton subsequently discovered in France. These dis- 
coveries have likewise rectified the absolute application of 
the correlative law to the determination of the genus as well 
as of the order. The relation of the double-jointed and cleft 
plialanx to the Edentate organization is confirmed ; but the 
additional fossils, and especially some evidences of teeth, have 
shewn that the Macrotfierinm belonged to a peculiar and now 
extinct genus intermediate l)etween the Manis and the Oryc- 
tei'opns. And these relations are deeply interesting, on account 
of the geographical position of both those edentate genera, 
on tracts of land, viz., which are now most contiguous to the 
continent containing the remains of the extinct osc\ilant 
genus. The locality in France is the village of Sansan, near 
Audi, department of Gers, Haute-Pyren6es. The fonnation 
is a lacustrine deposit of the miocene period. 

Portions of two molar teeth have been there found, 1 inch 8 
lines in greatest transverse diameter ; the tooth preser\'ing the 
same size and shape through the whole length of the portion 
— viz., 1 i inch. They resemble in shape those of the Orycte- 
i-ope, but are less regular and have not the same tulmlar 
tissue. The humerus differs from that of the ant-eaters and 
armadillos by its greater length in proportion to its breadth ; 
and approaches that in the Megatherioids and sloths, not only 
in its relative length, but in the flattening at the distal end, 
and the imi)erforate character of that end. Tlie radius also 
l^resents a sloth-like character in its greater proportionate 
length, which exceeds that of the humerus. In both the Pan- 
golin and Orycterope, the radius is shorter than the humerus. 
Tlie ulna differs fiom both that of the Pangolin and Orycte- 
rope, and still more from that in the Armadillos, by the much 
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suiallev development of the olecranon, whereby, again, it m< 
resembles that of the sloths. The femur is relatively lonj 
and more slender than that of the terrestrial and fossor 
Edentata ; it has not the third trochanter which characteris 
it in the Oryct€i*ope, nor so marked a development of t 
great and small trochanters as in the Pangolin. In the flj 
tened form of the shaft of the femur, and the position of i 
rotular surface near one side of the distal end, it resembl 
the femur of the Megatherium and Mylodon. As in the slot] 
it is shorter than the humerus ; whereas, in both the Pangol 
and Orycterope the femur is longer. Tlie tibia is mm 
shorter than the femur, and in the expansion of its proxim 
end and its ivlative lengtli to the femur it resembles that 
the Megathei*oids more than that in the Pangolin or Orj'ct 
i*ope ; it was not anchylosed to the tibia as in the Armadilk 
( flyptodons, and Megatherium, but remained a distinct boi 
as in the Mylodon and slotlis. 

In the same miocene deix)sits of the south of .France 
those which contained the Macrotherium^ fossil remains 
two kinds of Quadnimana, resembling a small and larj 
species of HylobateSy have been discovered. 

GeniLs Pliopithecus, Gerv. — ^The smaller of these extin 
apes {PliopiOiecus a^itiquus) is based upon the lower jaw ai 
tlentition. The teeth occupy an extent of 1^ inch ; the t\ 
incisors are narrower, the canine less, and the last molar 
larger than in the siamang (H. Syndactyld), As in tli 
species the first premolar is uni-cuspid, and the hind tali 
of the second is more produce<l than in the chimpanz 
and gorilla, and to the degree in which the fore-and-( 
diameter <jf the t<x>th exceeds the transverse one, it depai 
farther from the human type ; in the degree of the develc 
ment of the talon or third lobe of the last lower molar, t 
PliopitJtecus resembles the tailed monkeys {Semrnqritlucus a 
Innt(s). 
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Genus Dryoi'ITHECUS, Lai*t. — In tlu^ larger mioceiie ape 
{Drt/opithecus Fontani) the canine is relatively larger than in 
the HyldbateSy and the incisors, to judge by their alveoli, are 
relatively narrower than in the chimpanzee and human 8ul>- 
ject. The first premolar has the outer cusp pointed, and 
raised to double the height of that of the second premolar, 
an<i its inner lobe is more rudimental than in the chimpanzee * 
and departs pro[X)rtionally from the human type. The poste- 
rior lobe or talon of the second premolar is more developed, 
and the fore-and-aft extent of the tooth greater, than in the 
chimpanzee, thereby uiore resembling the second premolar of 
the siamang, and less resembling that of the human subject. 
The last (third) molar is undeveloped in the fossil jaw of the 
Dryopithtcris, and its amount of departure from the human 
type, and approach to that of InntiSy cannot be determined. 
The canine is more vertical in position than in Troglodytes or 
PitJiccuSj but this character is offered by some of the small 
South American apes. From the portion of humerus associ- 
ated with the jaw of Dryopithecus^ ' the arm would seem to 
have been proportionally longer and more slender than in 
the chimpanzee and gorilla, with a cylindrical shafts more 
like that in the long-armed apes (Hylobatcs), and less like the 
ann of the human subject. 

The characters of the nasal bones, orbits, mastoid processes, 
relative length of upper limb to trunk, relative length of ami 
to fore arm, relative length and size of thumb, relative length 
of lower limb ; and above all, the size of the hallux and shai)e 
of the astragalus and calcaneum, must be known before any 
opinion can be trusted as to the proximity of Dryopithecus to 
the chimpanzee or the human subject. 

Genus Mesopitiiecus, Wagn. — In tertiary formations of 
Greece, at tlie base of Pentelicon, remains of a Quadrumane have 

♦ Compare Comptes Rendus <le l*Acad. des Sciences, torn, xliii (July 28, 
iS56, plate, fig. 7), with Trans. Zool. Soc., vol. iv., plate 32, fig. 3, p. 3. 
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been found, whicli Professor Wagner* regards as ti*ansitional 
between Hylohates and Semnopiihecm : the third lobe of the 
last molar is, however, as well developed as in the latter genus. 

Genus Semnopithecus.— To this genus belong the i>etrified 
jaws, teeth, and astragalus, from the older pliocene or miocene 
rocks in the sub-Himalayan hills, near Sutlej, India, dis- 
covered in 183C by Durand and Raker. 

In the pliocene deposits of Montpellier remains of a 
monkey occur, referred by Christol to a Cercopithecus ; and in 




Fig. 13S. 
Skull i){ Dinotherium gujautetim (Miocene, Epplefibeim) 

])liocene brick-earth in Essex tlie writer has determined part 
of the fossil jaw and teeth of a Macacus, 

Genus DinotheriUm, Cuv. and Kp. — This name was given 
by Kaup, after the discovery of the singular shape and arma- 

• Abhanglungen iler k. barer Akndemie, bd. li , 1864, Mnnchen. 
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tare of the lower jaw, to the hu^^e bilophodoiit Mannual, first 
made known by Cuvier under the name of " Tapir gigan- 
tesque/' The length of tlie skull, from/ to d^ in fig. 138, is 3 
feet 8 inches. The t^eth in this skull, in addition to the two 
large deflected tusks of the lower jaw, are five in number on 
each side of both jaws. A study of the changes of dentition 
in fossils of young Diiwthenn shew that tlie first two teetli 
answer to the third and fourth premolars, as signified by the 
symbols ^?, 3 and 4; and that the rest are true molai-s {m^ 
I, ^y 3). Of these, the first tooth (p, 3), is i-ather trenchant 
than triturant ; the third tootli (1) has three tmnsvei-se 
ridges. The other grinders have two transverse ridges. This 
"bilophodont'' or two-ridged type is shewn by tlie molai-s 
of the Tapir (fig. 139), Lophiodon, Megath&i^iumy Diprolndoii, 
N'otothenum, Karu/aroo, and 

Manfitce, In the general shape ^ttUmfm^GPMSfff^SSS 
of the skull and aspect of the ^^^%i»#^BWp^^^'^*^ 
nostrils Diiwfheriinn most re- P 

V\\r. 130. 

sembles Manahm ; but bones ,, , . , „, . 

Molar scries, lower jiiw, lai»ir. 

of limbs have been found so 

associated with teeth as to determine the Diiwthcrium to be a 
hoofed quadruped, of probably aquatic habits, and transitional, 
as it would seem, between the large Lopliiodons and the huger 
proboscidians. The evidences of the genus have been dis- 
covered in miocene deposits of Germany, France, Switzer- 
land, and Perini Island, Gulf of Cambay. 

Genus Mastodon, Cuv. — The earliest appearance of this 
genus of proboscidian or elephantoid Mammal is in tertiary 
sti-ata of miocene age, and by a species in which the fore part 
of the lower jaw was produced into a pair of deep sockets 
containing tusks ; but these are only slightly deflected from 
the line of the grinding teeth (fig. 140, C). This species of 
Mastodon, discovered in the miocene of Eppelsheim, was called 
longirostria by Kaiip ; but he afterwards recognized it as the 

2c 
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siUiie witli a species wliich had been previously called Ma^to- 




fhn arvernemis (Croizet and Jobei*t) * Both belong to that 

* Beitragc zur nachorcn Kenntniss dcr Urweltlichen Saugethiere, 4to, 
1857, p. 19. The name anguatidens was first applied bj Cuvier to teeth of this 
type or species. 
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section of MitiitoiJon in which tlie first and second tiue niolaw 
have each four transverse ridges,* and for which Dr. Falconer 
proposes the name Tctrcdopliodon. In the newer tertiary de- 
posits of North America remains of a Mastodon {M. Ohioticits) 
have been discovered, in which the transvei-se ridges of the 
grinders are in shape more like those of the Dinothere than 
in any other Mastodon ; the first and second, moreover, have 
two ridges, and the third, three ; but tliis is followed by two 
tliree-ridged molars and a last larger molar with four or five 
ridges.t For the Mastodons with tlnve-ridged penultimate 
and antepenidtimate grinders. Dr. Falconer proposes the name 
Tnloph<Hlon. In the Mastotion Ohioticm the low(»r jaw has 
two tusks in the young of both sexes ; these are soon shed in 
the female, but one of them is retained by the male (fig. 
140, B). Tlie upi)er tusks are long and retained in both 
sexes (fig. 140, A),\ 

An almost entire skeleton of a Mastodon (M. turiceims^ 
fig. 140) has l)eon discovered in the ]»lioccne deposits of Aste, 
Piedmont. The total length from the tail to the end of the 
tusks is 17 feet. Tlie teeth have the same narrow shajK; and 
multi-mannuillate structure as in M. aveme^isiSy but in the 
numerical character of transverse divisions of the crown this 
species agrees with J/. Ohioticus. 

Tlie Mastodons were elephants with the giinding teeth 
less complex in structure^ and adapted for bmising coai-ser 
vegetable substances. The grinding surface of the molai-s 
(fig. 141), instead of being cleft into numerous thin plates, 
was divided into wedge-shaped transverse ridges, and the 
summits of these were subdivided into smaller cones, more 
or less resembling the teats of a cow, whence the generic 
name.§ A more imj^i-tant modification appeared to dis- 

* First dcnioiistintrd hy Kmip, Ot^wmens KnssilcR do Darmstadt, 4to, lK\o. 

t Ow«'n'8 "Odoiitogrnpliy," 4to, 184r), p. r>17, pi. 144. 
I Oweii'8 •• ()«l(mt(>graphy," p. 61H. § AfaBtoi. a nipple ; odmi$, a tooth. 
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Fig. 141. 

Tpper molar of Mastodon avernensis. Fluro- 
niarine crag, Norfolk. 



tinguish the extinct genus, in respect of tlie structure of the 
molar teeth ; the dentine, or principal substance of the 
crown of the tooth (fig. l+l, r^ is covered by a thick coat ol 

dense and brittle en- 
amel (e) ; a thin coat 
c»f cement is con- 
tinued from the 
fangs upon the crown 
of the tooth, but this 
substance does not 
fill up the inter- 
spaces of the divi- 
sions of the crown, 
as in the elephant's 
grinder (fig. 146, c). Such at lea.st is the character of the 
molar teeth of the two species of Mastodon, which Cuvier 
has termed Mastodon gifjantcm and Mastodon angiislidens 
(fig. 141). Fossil remains of proboscidians have subse- 
([uently been found, principally in the tertiary deposits of 
tropical Asia, in which the number and depth of the clefts of 
the crown of the molar teeth, and the thickness of the inter- 
vening cement, are so much increased as to establish transi- 
tional characters between the lamello-tuberculate teeth of the 
elephants and the mammilated molars of the typical Masto- 
dons, shewing that the characters deducible from the molar 
teeth are rather the distinguishing marks of si)ecies than of 
genera in the present family of mammalian quadrupeds. 

The dentition of this family may be expressed by the 
formula — 



^^^''^■^'c^^c^^dm^;p\^; 



vt^^S^: 



that is to say, in the Proboscidians in which the dentition 
most nearly approached to the typical one, thirty-four teeth 
were developed, as follows : — in the upper jaw, two deciduous 
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incisoi-s, followed by two permanent incisora developed as 
tusks ; six deciduous molai*s (three on eacli side, d i, 2, 4, fig. 
142); two premolars (one on eacli side,^; 3, fig. 14-2), and six 
true molars (three on each side, m i, 2, 3, figs. 142 and 143) ; 
— in the lower jaw, two incisors 

as tusks (uncertain wliether pre- ^ ^^mJ^^ -"^'"^ ^ 

ceded by deciduous tusks), de- ^ll^m^^&^Jr^ 

ciduous molars, premolai's, and ^"^nFjBgyff'jr ^^ 
molars, as in the upper jaw. ^^ — -^- — 

The elephantoid animal Fig. 142. 

Masfochm lonyiroi>tri% Kaup ; DeciMuouH dentition, young Mas 
/ mr . , ,.j . , toilonlongiroitris. 

{Mastoiioti angusftacnSy m part, 

Cuvier) which exhibited the above instructive dentition of tlu.^ 
pnjboscidian family, once roamed over the part of the eai-th 
now forming England, France, Italy, and Germany. The first 
steps in our knowledge of its dentition were made by Cuvier, 
who called it the naiTow-toothed Mastodon " Mastodon k dents 
etroites," or Mastodon angudidiiis. This name was suggested 
by the less breadth of the grinding surface of the teeth as com- 
l)ared with those of a previously described species of Mastodon 
from North America, called the Ma.st. gir/aniius, or J/. OhioH- 
ciis. Cuvier describes and figures a last molar, upper jaw, fi*om 
Trevoux, consisting, as in the specimen from Norfolk Crag, 
{^'^, 141), and as in that from Eppelsheim (fig. 143, m 3), of 
^\it transvei-se ridges, with a front and back talon or subsidiary 
ridge. The latter is the largest, and subdivided into teat- 
shaped tubercles, so as almost to merit \\w name of a sixth 
division of the tooth. The principal ridges are divided into 
two chief or primary tubercles, with secondary tubercles in 
the interspace ; the chief tubei-cles are more or less deeply 
grooved lengthwise, or cleft at top, so that mastication wore 
them down to small circles of dentine surrounded by a thick 
bonier of enamel, and furthtn' attrition rrd\irrd these U\ a 
trilohed or trefoil form. 
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The last lower molar of the Mast, aiujiiMidens from La 
llochetta di Tanaro * exhibits the same iive principal trans- 
verse ridges and the hinder one, as in the con-esijonding tootii 
in the Ei^pelsheim Mastodon (fig. 143, m 3), and being the 



^; - 




Ki- 143. 
iVntitiun of uM Mastodon lomjiroatrU. 

fii'st of tlie series of narrow nuistodontoid t^eth to Avhieli 
Cuvier a]4>lit^d the name an^usHdciiH^ it may be regarded as 
the t}7)e of that species. The characteristic premolar of the 
MiisL angusti(lcn.% with a quadrate crown of two ridges, each 
cleft into two tubercles (fig. 142, j? 3), is figured by Cuvier, in 
Op. cit.,i»l. i., fig. 3, and again, in .vzV/f, with the last deciduous 
molar {d 4) in a portion of the upj^er jaw of the Mastodon 
nnfjifstid^tis from Dax (ib., pi. iii., fig. 2). Tliis tooth (d 4, fig. 
14'2) consists, in both the Dax and Eppelsheim specimens, of 
three princij)al ridges and a posterior bituberculate talon. 

♦ <'iivi<'i, Op. cit. l>ivcrft Mjistoiiontcs, pi. iv., fig. 1, top view, fig. 2, Bide 

VH'W. 
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The antepenultimate molar (fig. 142, m i) consists of four 
ridges and a talon. The penultimate has the same structure 
on a larger scale (fig. 1 43, 7ti i) : the last giinder, w 3, is both 
larger and more complex. 

In the proboscidian (quadrupeds, the molar teeth pix^gres- 
sively increasing in size, and most of them in complexity, 
folh)\v each other fi*om before backwards at longer intervals 
than in other quadrupeds, and the series is never simultane- 
ously in place : not more than three are in use at any period 
on one side of either jaw : all the molai^s, save the penulti- 
mate (fig. 1 43, 7/1 2) are shed by the time the ci*own of the last 
molar has cut the gum : the dentition is finally reduced to vi 3 
on each side of both jaws, with commonly the loss of the in- 
ferior tusks, as in the old Mastodon iuriccncis (fig. 140), from 
the tertiary dejwsits of the Po, descril)ed and figured by 
Sismonda.* 

The genus was represent<3d by species ranging, in time, 
from the miocene to the upper pliocene deposits, and in space, 
c(»smopolitan with tropical and temperate latitudes. Th(» 
ti-ansition from the mastodontiil to the elephantine type of 
dentition is very gitidual. 

(knm Elephas, K — The latest form of true elephant which 

obtained its sustcv 
nance in temperate 
latitudes is that 
which Blumenbach 
called lYrimyjcnivs, the 
"Mammoth" of the 
Sil>erian collectors of 
its tusks (fig. 147). 
I jiper grinder of the Mammoth {Elffhas primi- ItS rouiaius OCCUr 

g^niuM). chiefly, if not exclu- 

sively, in post-pliocene dejiosits, and have even been found in 

* Oufengrafia di un Ma«lodonte Angnstidente, 4to, Turin, 1851. 
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turbary near Holyhead. Its grinders (fig. 144!) ai*e broader, and 
have narrower and morc numerous and close-set transverse 
plates and ridges, than in other elephants. In the existing 
Indian species, ejj, (fig. 145), the molars are relatively narrower. 




Fijr. 14;'). 
rpper molar, Ahiatic Elephant. 

the plates {dd) are less numerous, and their enamelled border 
{ce) is festooned. In the African elephant (fig. 146) the plates 




Fig. 140. 
Upper molar, African Elepbant. 

ai-e still fewer, are relatively hunger, and so expanded at the 
middle as to ]>resent a lozenge shape. The Elephas ^H^ciis, 
Cidf., of European jiliocene beds, has molars most like those 
of the present African species. The tusks of the elephant, 
like those of the Mastodon, consist of true ivory, which shews, 
iji transverse fractures or sections, stria^. proceeding in the 
arc of a circle from the centre to the circumference in oppo- 
site directions, and forming, by their decussations, curvilinear 
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of the skull is tnily extraordinary, and exemplifies the maxi- 
njization of dental development. 

The mammoth is more completely known than most other 







extinct animals by reason of the discovery of an entire speci- 
men preserved in the frozen soil of a cliff at the mouth of the 
river Lena in Siberia. Tlie skin was clothed with a reddish 
wool, and with lon^,' black hairs. It is now presei-ved at St 
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Petersbui'g, together with the skeleton (fig. 147). Tliis mea- 
sures, from the fore part of the skull to the end of the muti- 
lated tail, 16 feet 4? inches ; the height, to the top of the dorsal 
spines, is 9 feet 4 inches ; the length of the tusks, along the 
cur\^e, is 9 feet 6 inches. Part* of the skin of the head, the 
eye-ball, the strong ligament of the nape which helped to 
sustain the heavy head and teeth, and the hoofs, remain 
attached to the skeleton. These huge elephants, adapted by 
their clothing to endui*e a cold climate, subsisted on the 
branches and foliage of the northern pines, birches, willows, 
etc. ; and during the short summer they probably migrated 
northward, like their contemporary the musk-buffalo, which 
still lingers on, to the 70th degree of N. latitude, retreating 
during the winter to more temperate quarters. Tlie mammoth 
was preceded in Europe by other species of elephant — e,g.^ 
Elcphas priscuSy Goldfuss, and Elcphas meridionalis, Nesti, 
which, during the pliocene period, seem not to have gone 
northward beyond temperate latitudes. 

The mammoth seems to have enjoyed a wider geographical 
range than any other extinct elephant. Its remains have been 
found in the British isles, continental Europe, the Mediter- 
ranean, Siberia, and throughout a large portion of North 
America, where it co-existed not only wdth the gigantic Mas- 
todon OhioiicuSy but also with a second species of true elephant 
{Elcphas texianuSy Blake*), the teeth of which were more 
adapted to a succulent vegetable diet Existing elephants 
are confined to the Old World. 

Geniis EniNOCEROS, L. — The rhinoceros, like the elephant, 
was represented in pliocene and post-pliocene times, in tempe- 
rate and northern latitudes of Asia and Europe, by extinct 
species. One {Rhinoceros Icptorhiniis) associated with the 
Hippopotamus major in fresh-water upper pliocene deposits ; 
another {R, tichorrhinus) with the mammoth in brick-earth 

• •* BoIlaert*8 AntiqiiiticR of S. America/' 2(1 e*!. 
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beds, glacial clay, and drift. The discoveiy of the cai-case of 
the tichoiTine rhinoceros in fi-uzen soil, ixjcorded by Pallas in 
his *' Voyages dans TAsie Sept^ntrionale," * shewed the same 
adaptation of this, at present tropical, form of quadruped to a 
cold climate, by ix twofold covering of wool and Lair, as was 
subsequently demonstrated to be the case with the mam- 
moth. Both the above-named fossil rhinoceroses were two- 
horned ; but they were preceded, in the pliocene and miocene 
]»eriods, by a species devoid of horns, yet a rhinoceros in all 
(»ther essentials {Aceroth^riuiiu Kaup). 

The modifications which the upper molai-s of the rhinoceros 

present as compared 
with those of its 
antetype, the Palieo- 
therium, will be 
readily understood 
by comparing fig. 
127 with fig. 148, 
and are as follows : 
— The concavities 
{f^f) on the outer 
side of the crown, iu 
fig. 127, are almost 
levelled, and from 
one of them a slight 
convexity projects, 
in some species of 
Rhinoceros, giving a 
gently undulateil 
surface on that side 
i)i the tooth. The valley (c) is more expanded at its termina- 
tion (2), in the Rhinoceros : and, in some species, it bifurcates 
and deepens, so that one branch may form an insulated circle 

* 4lo, 17<A pp. l.'KM32. 




Fig. us. 
upper molar, Rhinoceros. Nat. nize. 
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of enamel when tlie crown is worn. The i)osterior valley (jg) is 
usually deeper and more extended. Tlie ordinary lobe^ (^, 6, 
(\ (I) are very similar, and produce, by tlie confluence of a 
with c, and of b with d, the two oblique tracts of dentine 
which are morc decidedly established as transverse ridges in 
the Lophiodont or Tapiroid group. A basal ridge (?•) girts 
more or less completely the inner and the foi-e and hind 
parts of the base of the crown. Not fewer than twenty 
species of extinct rhinoceroses are entered in Palajontological 
catalogues. 

Eqiiida'. — Eemains of quadrupeds with the limbs and den- 
tition of the horse-kind have fii-st been seen in strata of mid- 
tertiary or miocene age. Such deposits at Kppelsheim in 
Grennany, in the department of Vaucluse, France, and in the 
Sewalik hills of India, have yielded upper molar teeth differ- 
ing from those of modern Eqitidce cliiefly in the distinctness 
or gi*eater extent of separation of the interlobal 
or inner column (fig. 149, m) ; and have revealed 
the highly interesting structure shewn by the 
retention of the small digits and hoofs (fig. 1 50, 
ii. and iv.), appertaining to the nidiments of 
their metapodials, called splint-bones by vete- 
rinarians, which alone are retained in modem 
horses, zebras and asses.* The small hoofs in 
tpiestion, ib. ii. and iv., dangled by the side of 
the large and functional hoof iii., like the pair of spurious 
hoofs behind those forming the cloven foot in the ox (fig. 161). 
They would cause the foot of the Hipparion to sink less deep 
into swampy soil, and be more easily withdrawn, than the 
more simplified horse's foot. From another point of view, as 
the small digits ii. and iv. answer to the outer and inner toe of 
the foot of the Palfeothere, the miocene Hipparion, on the 

* The tridactyle horse was called JTipparion (Gr, for "little horse") by M. 
rhristol (1832), and Hippotherium, by Dr. Kaup (1835). 
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derivative hypothesis of species, miglit be the transi 
form between the upper eocene Palseotheres {Paloploth 
and Anchitherium) and the modern horse. 

Species of true Equtcs with the spurious hoofs suppw 
and the interlobal column blended with the 
of the tooth (fig. 151, m i and 2), first make 
appearance in pliocene beds. Equus plid 
so called because enamel-ridges on the teet 
more plaited than in the recent horse, occu 
pliocene brick-earth, and in the Oreston I 
stone caves, England ; a similar species has 
been found associated with Mastodon and ( 
tolites in a pliocene deposit at Newberne, 1^ 
Carolina, In South American formation 
similar age, a horse {Equus curvidetis) 
grinding teeth more bent than usual, has 
its remains along with those of the A 
therium. Both kinds of aboriginal Amei 
horse became extinct with the larger quf 
peds with which tliey were associated in the two divisio 
that great continent. The Equus fossil is of the ci-ag and 
gmvel of England appears to have had grinders with a 



Fig. 150. 

Bones of foot. 
Hipparion. 




Fig 151. 
I)i»ntition of upi)€rjaw, horse. 



transverse diameter than our modern variety of similar 
Fossil equine teeth, of the size of those in the zebm am" 
have also been found in pliocene and later deposits of 
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KuroiH^ and North America. It is remarkable that no equine 




v> r^ r^ 1^' ""' 

Fig. 152. 
Dentition of lower jaw, lun^e. 

animal existed in the New World at the time of its dis- 
covery by Columbus and his followers. 

Grnvs Hippopotamus, K — The discovery, in lacustrine and 
fluviatile deposits of Europe, of the remains of an amphibious 
genus of Mammal, now restricted to African rivers, gives scope 
for speculating on the nature of the land which, uniting Eng- 
land with the Continent, was excavated by lakes and inter- 
sected by rivere, with a somewhat warmer temperature than 
at present, to judge by a few S. European shells which occur 
in the fresh-wat<?r formations — 6.(7., at Grays, Essex, where 
remains of the large extinct Hippopotamwi major have been 
found. The specimen of the lower jaw (fig. \h\) was dis- 
covered in the ' Forest bed,' below glacial clay, on the Norfolk 
coast. Other localities are specified in the writer^s " History 
of British Fossil Mammals," 8vo, 184G. 

The first premolar has a simple subcompressed conical 
crown, and a single root ; it rises early, and at some distance 
in advance of the second premolar, and is soon shed ; the 
second (16., p, 2) stands a little apart from the third (3). This 
and the foui-th i)remolar retain the simple conical form, but with 
increased size, and ai-e impressed by one or two longitudinal 
grooves on the outer surface, which, when the crown is much 
worn, give a lobate diameter to the giinding surface. The 
true molars (m, i, 2, 3) are primaiily divided into two lobes 
{^<^, 1 53) by a wide transvei-se valley, and each lobe is sub- 
divided by a narrow antero-i)osterior cleft into two half cones. 
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with their Hat sides next eacli other ; the convex «ide of each 
lialf cone is indented by two angular vertical notches, bound- 
ing a strong intermediate prominence. When their summits 

begin to be abraded, eacJi 
lobe, or pair of demicone^s 
presents a double trefoil of 
enamel on the grinding sur- 
face, as shewn in fig. 153; 
when attrition has proceeded 
to the base of the half cones, 
then the grinding surfaces of 
each lobe j)resents a quadrilo- 
1 >ate figu i-e. The crown of the 
last molar tooth of the lower 
jaw is lengthened out by a fifth cone, developed behind the two 
normal paii^s of half cones, and smaller in all its dimensions. 

The hi})i)opotamus is fii^st met with in pliocene strata. 
The remains of //. Affijar have hitherto been found only in 
Europe ; they are common along the Meditentinean shore, 
and do not occur north of the temperate zone. In Asia this 




Molar tooth, Hippopotamus 




Fip 154. 
Lower jaw of Hippopotamus major (fresh-water Post-pliocene, Norfolk). 

form of Pachyderm was represented, j)erhaps at an earlier 
period, by the genus Hcraprotodon — (essentially a hippojx)- 
tamus, with six incisor teeth, instead of four, in each jaw. 
Snidcp, — The extinct Ch(rrn2^tamiu% Anthracotheriunu Ift/o^ 
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potamtts, and Hippohyus, had the typical dental formula, and 
this is preserved in the existing representative of the same 
section of non-ruminant Artiodactyles, the hog. The first true 
molar when the permanent dentition is completed, exhibits the 
effects of its early development in a more marked degree than 
in most other Mammalia, and in the Wild Boar has its 
tubercles worn down and a smooth field of dentine exposed 
by the time the last molar has come into place ; it originally 
bears four primary cones, with smaller subdivisions formed by 
the wrinkled enamel, and an anterior and posterior ridge. The 
four cones produced by the crucial impression, of which the 
transverse part is the deepest, are repeated on the second true 
molar with more complex shallow divisions, and a larger 
tuberculate posterior ridge. The greater extent of the last 
molar is chiefly produced by the development of the back ridge 
into a cluster of tubercles ; the four primary cones being dis- 
tinguishable on the anterior main body of the tooth. The 
crowns of the lower molars are very similar to those above, 
but are rather narrower, and the outer and inner basal tubercles 
are much smaller, or are wanting ; 
the grinding surface of the last 
is shewn in fig. 155. 

Extinct species of hog have 
been found in miocene beds at 
Eppelsheim (Sics palceochoeruSy ^g- 1^- 

Kp.),and at Simorre (flf. atmor- La** 'ower molar, Hog. Nat. size. 

TCTisis, Lt.) ; in pliocene beds {S, arvemensiSy Crt), and in 
later deposits, where the species {S. scrofa fosilis) is not dis- 
tinguishable from the present wild boar. 

Order Rdminantia. 

Of other forms of beasts subsisting on the vegetable pro- 
ductions of the earth, and more akin to actual European Her- 

2d 
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bivora, there co-existed, in Europe, with the now exotic genera 
Elephasj Rhinoceros^ HippopotarnvSy etc^ a vast assemblage of 
species, nearly all of which have passed away. The quadru- 
peds called ** Ruminants," from the characteristic second 
mastication of the partly-digested food by the act called 
** rumination " or ** chewing the cud," constitute at the present 
period a circumscribed group of Mammalia^ which Cuvier 
believed to be " the most natural and best-defined order of 
the class."* He characterised it as having incisive teeth only 
in the lower jaw (fig. 161, c), which were replaced in the 
upper jaw by a callous gum. Between the incisors and molars 
is a diastema, in which, in certain genera only, may be found 
one or two canines. The molars (fig. 161, A), almost always 
six on each side of both jaws, have their crown (fig. 156) 
marked by two double crescents (16., a, 6, c, d), with the con- 
vexity turned inwards in the upper set, outwards in the lower. 
The four legs are terminated by two toes and two hoofs 
(fig. 161), flattened at the contiguous sides, so as to look like 
a single hoof cloven ; whence the name ** cloven-footed," also 
given to these animals. 

The precise definition of the order Rvminantiay as it now 
exists, is affected by certain peculiarities of the camel tribe ; 
and the true significance of these will be better imderstood if 
we recall the characters of the AnopUdherium, The upper 
true molars (fig. 128) have two double crescents, convex in- 
wards, one of the inner ones being encroached on by a large 
tubercle, m, the reduced homologue of which may be seen in 
the interspace of the crescents in the ox and some other 
Euminants (fig. 156, m). The lower true molars also, at one 
stage of attrition, form crescentic islands of enamel, with 
the convexity turned outwards, as in Euminants, the last 
molar having the accessory crescent behind. The functional 
hoofs were two in number on each foot (fig. 129), but 

• Regne Animal, toin. i., p. 254. 
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must have resembled those of the camel tribe in shape ; 
the scaphoid and cuboid of the tarsus were distinct also, as 
in the Camelidoe ; and the metacarpal and metatarsal bones 
were divided, as in the water musk-nleer {Moscfius aquaiicm)^ 
and in the embryos of all Euminants. The dentition of the 
extinct Dichodon (figs. 130, 131) made a still nearer approach 
to that of the Euminants. The chief distinction of this and 
otlier extinct Herbivores with double crescentic molai-s is the 
completion of the upper series of teeth by well-developed 
incisors. But the premaxillaries in the new-born camel con- 
tain each three incisors, one of which becomes fully deve- 
loped. The CamelidcB are hornless, like the Anoplotherioids 
and Dichodonts ; and with one exception — the girafiFe — all 
Buminanta are bom without horns. 

Thus the Anoplotherium, in several important characters, 
resembled the embryo Euminant, but retained throughout life 
those marks of adhesion to a more generalized mammalian 
type. The more modified or specialized form of hoofed animal, 
with cloven feet and ruminating stomach, appears at a later 
period in tlie tertiary series. 

Tlie modification of the upper molars of the existing Eumi- 
nant quadrupeds consists in the lower and less pointed lobes of 
the crown, the unworn summits of 
which are at first rather trenchant, ^_^^_„^^^^ 
like curved blades, than piercing. ^ jfl^^^Unl^^^H ^ 
They are soon abraded by mastica- 
tion, and present the crescentic lobes v^^^ ■v.^^^h 
of dentine (a^6,c,d) shewn in fig. 
156. The transverse double-cres- 
centic valley (g, t) contains a thicker Fig. i w. 

layer of cement, and forms two de- ^^PP^"" ™°**' ^^ MegaceroB. 
tached crescents in worn teeth. The premolars resemble in 
structure one half of the tnie molars, divided from within, m, 
outwards. 
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Family — CERViDiE. 

Cuvier * first made known the fact of teeth with the cha- 
racter of niminant molars, and of portions of antlers^ being 
associated with remains of Mastodon in the fresh-water 
beds (probably pliocene) of Montabnsard, department of the 
Loiret These early ruminant fossils agreed in size with the 
roebuck ; but there were characters shewing that they dif- 
fered almost generically from all known deer. Subsequently 
the entire cranium of a small Ruminant {DarccUherium^ Kaup) 
was found in the miocene strata near Eppel8heim,the teeth of 
which resembled those described and figured by Cuvier ; but 
the series being complete, shewed that the animal had seven 
grinders on each side of the lower jaw, and long procumbent 
canines in the upper jaw. Moreover, the animal possessed, 
like the males of the small deer of India called ** Muntjac," 
pedunculate antlers as well as canine teeth. Both in the 
miocene beds of Ingre and Eppelsheim, similar fossil antlers, 
simply bifurcate near their end, have been found. It is pro- 
bable that these which have been referred to the nominal 
species Cervus anocenis may belong to the Dorcatherium. 

Other species of Cermdm were, however, associated with 
that remarkable form in the miocene period. Dr. Kanp 
ascribes some more or less mutilated antlers, which had 
been shed, to a species he calls (7. dicranocerus. The beam 
rises from one to two inches without sending ofif any 
branch or brow-antler ; it then sends off a branch so large 
and so oblique that the beam seems here to bifurcate ; the an- 
terior prong is, however, the smallest and shortest. The writer 
has received similar shed and mutilated antlers from the red 
crag of Suffolk, which seems to contain a melange of brokcn- 
up beds of eocene, miocene, pliocene, and post-pliocene age. j- 

* Ossemens Fossiles, 4to, torn, iv., p. 104, pi. viii., figs. 6 And 6. 
t Quarterly Jour, of the Geol. Soc., vol. xii., 1856, p. 217, figs. 14-16. 
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The cervine Ruminants have been divided into subgenera 
according to the forms of the antlers. Of the group with 
antlers expanded and flattened at top, of which the fallow- 
deer {Daina) is the type, no fossil examples have been found 
in Britain. Cuvier has described and figured antlers of great 




Fig. 157. 
Megacerot HibemicuB (Pleintocene marl). 

size from the drift gravel, underlying fresh-water sands, marl 
and brick-earth, in the valley of the Somme, near Abbeville, 
which, from the relative position and direction of the brow- 
snag and mid-snag, and from the tenninal palm, he regards as 
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a large extinct species of fallow-deer ; the name Cervus Somo- 
nensis has since been attached to this species. About the 
same period was represented by a gigantic species, a group 
{Megaceros, fig. 157) characterized by a form of antler at pre- 
sent unknown amongst existing species of deer. With a beam 
(b) expanding and branching towards the simmiit, as in DamOy 
and with a brow-tyne {p)y this antler shews also a back-tyne 
(fe). Moreover, in antlers, with an expanse of ten feet in a 
straight line from tip to tip, and which, from their size and 
form, seem to have been developed by the deer at its prime, 
the brow-tyne expands and sometimes bifurcates — a variety 
never seen in the fallow-deer, but which becomes exaggerated 
in the i-ein-deer group. The Megaceros Hibemicus (fig. 157), 
is not only remarkable for its great size, but for the great 
relative magnitude and noble form of its antlers ; it is the 
species commonly called the " Irish elk ; " but it is a true 
deer, intermediate between the fallow and rein-deer; and 
though most abundant in, it is not peculiar to, Ireland. In 
that country it occurs in the shell-marl underlying the 
extensive turbaries. In England its remains have been 
found in lacustrine beds, brick-earth, red crag, and ossiferous 
caves.* 

The rein-deer {Cerws Tarandus) has the largest propor- 
tional antlers (fig. 158) of any existing species. The beam is 
somewhat flattened throughout, but expands only and sud- 
denly at its extremity, a similar expansion characterizing the 
bi-ow-tyne (pr) and mid-tyne (fe), two, three, or more points 
being developed from all these expansions in fully-developed 
antlers. The brow-t^Tie is remarkable for its length. There 
is also frequently a short back-tyne. This branch, therefore, 
with the great relative size of the antlers, the complex brow- 
tyne, and the terminal expansion of the beam, shew the affinity 
of the rein-deer to the extinct Megaceros, 

* Owen, History of British Fossil Mammals, p. 444. 
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The rein-deer is now restricted to northern latitudes, 
and to extreme ones in Europe, but ranging in America from 
the Arctic Circle southward to the latitude of Newfound- 
land, where tlie large variety called " Caribou " still exists. 
Eein-deer of similar size, ranged over continental Europe, 
appear to have been seen by Csesar in Germany, and have left 




Fig. 168. 
Skull and antlers of Cervut Tarandus. 

good evidence of their existence in many parts of England. 
Tlie specimen figured (fig. 158) was found in post-pliocene 
•* till ** at Bilney Moor, East Dereham. 

A large deer, with subcompressed ramified antlers, slightly 
expanding at the base of the terminal divisions, but difiering 
from the rein-deer in the absence of the brow-tyne, has left 
its remains in the post-pliocene sands of Ri^e, near P^zenas, 
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France. It is the Cervus martialis of Gervais ; and seems to 
have been an intermediate form between the rein-deer (Tar- 
andtts) and the elk (A Ices). There is no existing represen- 
tative of this interesting annectant fonn of deer. 

In formations of corresponding age in France, called 
''alluvions volcaniques" by Gervais,* fossil antlers of two 
other extinct species of deer have been discovered, in which, 
as in AlceSy the brow-antler is absent, but in w^hich the beam 
does not expand into a palm. 

In North America remains of a large deer (Ctiims ameri- 
canus fossiliSy Harlan), much resembling the Wapiti (Cervus 

canadensis) have been found 
in post-pliocene deposits on 
the banks of the Ohio. In 
South America Dr. Lund 
discovered fossil antlers of 
two species in bone-caves in 
Brazil : they were associated 
with remains of an ante- 
lope {ArUiiope maquineTisiSy 
Lund) of which genus no 
living representative is now 
kno\ni in South America. 

Of deer with antlers of 
the type of the existing red- 
deer (C. daphvs)y a species 
is indicated in post-plic)cene 
Fig. 159. beds and bone caves which 

Antler of Red-deer, from alluvium, Ireland, j^^gjjg^ ^j^^ M^OCetOS in 

bulk {Strongyloceros speUeiis) ; and with this are found, in 
similar places of deposit, remains of a red-deer with antlers 
equalling or surpassing the finest that have been observed 
within the historical period. 

* Zoologie ct Paloonlologie Fran^ise, 4to, p. 82. 
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Fig. 159 represents one of a pair of antlers from the bed 
of the Bojme at Drogheda, now in the museum of Sir Philip 
Egerton, Bart., which measures 30 inches in length, and 
sends off not fewer than fifteen branches or "tynes." a 
is the •* brow-tyne," which rises immediately above the 
**burr ;" h the second, c the third, and d the "ci-own" or ter- 
minal cluster of tynes, which gave to the deer developing 
them at the period of his full perfection the title of " crowned 
hart." 

The little roebuck (Cccpreolus), like the red-deer, appears 
from its fossil remains to have continued to exist from the 
prehistorical post-pliocene times to the present period. 

Family. — CAMELOPARDALii>i£. 

Eemains of a large ruminant resembling the Giraflfe in 
the proportions of the lower jaw, and in the secondary modifi- 
cations of the grinding teeth, have been found in old pliocene 
deposits of the south of France and of Greece. It had limbs 
as long as those of the Girafie, but it appears to have been 
devoid of horns, and to have shewn some annectant charac- 
ters with more normal families of ruminants. M. Graudry 
proposes for this form, as exemplified by the fossil remains 
recently discovered at Pikermi, the genus Helladotherium, to 
which also he refers the Camdopardalis BUurigum of Duver- 
noy.* The fossils from the older pliocene of the SewaUk hills, 

* " Comptes Rendus de TAcad. des Sciences/* 1860. I had expressed a 
similar opinion in the letter cited by Prof. Dnvernoy in his Memoir : — *' * Dans 
80S charactdres les plus essentiels le fossile dlssoudnn approche davantage da 
genre Girafe, mais diffgre d'une mani^re frappante des esp^ces existantes du 
sad et de Test de TAfriqae, et qae ses deviations tendent vers le sons-genre 
£lan.* Ainsi M. Owen irait encore pins loin que moi dans Tappreciation des 
differences qu'il a troav6es entre la Girafe de Nubie et le fossile d*Issoadun 
et semblerait vouloir les elever k des charact^res g6neriques." P. 18. Annates 
des Sciences Naturelles, 3d serie, tom. i. (Zoologie), 1843, p. 1, pi. 2. " Sur 
line machoire de Girafie fossile d6couverte & Issoudun.*' 
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referred by Cautley and Falconer to Canulopardalis sivcUensis 
and Cam. afflniSy may likewise belong to the Helladotherian 
type. These discoveries yield the main fact that GiraflFe-like 
ruminants had formerly a much more extensive range than 
at the present day ; and they indicate, with other palaeonto- 
logical evidence, that the continent of Africa has undei^ne 
less change since the miocene i)eriod than either Europe or 
Asia. 

Family.— AxTiLOPiDA. 

The most gigantic and extraordinary of the extinct 
"hollow-horned" ruminants are those called SivcUherium, 
from the Siwalik hills, and Bramatherium from Perim island : 
both from deposits of the older pliocene period. The he^ 
was very large, broad but short, and sustained two pairs 
of horns ; it was suppoited on a short and powerful neck. 
The piX)portions of the skull and cervical vertebrae were the 
reveree of those in the giraffe, from which also these huge 
pachydermoid antelopes differed in the horny sheaths of the 
horn-cores. 

In the Sivatherium the hinder pair of horns was expanded 
and branched, as in the Antilope furcifera. In the Brama- 
therium the front pair of horns was the longest and largest 
The little Antilope qicadricomis of India is now the sole 
representative of the great foui^homed i-uminants of the older 
pliocene period in that continent. 

Small antelopes, resembling the Grimm of Senegal, have 
left remains in the miocene of Sansans (A. martiniana and 
A, clavatd), and in the Suabian "moUasse" (-4. molassica). 
A. deperdita is from the older pliocene of Vaucluse, and A. 
dichotoma from the newer pliocene of Gers. Tlie chamois 
{A. rupricapra) is now the sole existing European antelope. 
Besides the A. mcfquinensis, already noticed, from Brazil, the 
limestone caverns of that country have also yielded remains 
of an antelope, on which their discoverer, Mr. Lund, has 
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founded his genus Leptotherium. No true antelope is now 
known to exist in South America. 

Family — BovmiE. 

The earliest known ruminants are the cervine Dorca- 
therium from the miocene of Eppelsheim, and the antelopine 
species from that of Sansan. The huge four-homed Sivathere 
and Bramathere may be from deposits of like antiquity in 
India. Fossil molars of the ruminant type and bovine char- 
acter have hitherto been found only in beds or breccias of 
pliocene and post-pliocene age. At those periods in Britain 
there existed a very large species of bison {Bison priscui)^ 
and a larger species of ox {Bos antiquus), from pliocene fresh- 
water beds ; whilst a somewhat less but still stupendous wild 
ox {Bos primigenius) has left its remains in post-pliocene 
marls of England and Scotland. With this was associated an 
aboriginal British ox of much smaller stature and with short 
horns {B, longifroTii)^ which continued to exist until the histori- 
cal period, and was probably the source of the domesticated 
cattle of the Celtic races before the Roman invasion. A huge 
buffalo has left its remains in the old pliocene beds of the 
Sewalik hills: those of a smaller species {Biibalus antiquuSj 
Duv.) occur in the newer pliocene of Algeria. A buffalo, 
not distinguishable from the existing musk kind {Bvbalus 
moschatus), now confined to the northern latitudes of North 
America, roamed over similar latitudes of Europe and Asia in 
company witli the hair-clad elephants and rhinoceroses: its 
remains have been found in glacial clay and drift, in England.* 

Order Carnivora. 

The quadrupeds which subsist by preying upon others 
co-existed under several generic and specific forms with the 

* Owen, Quarterly Journal of Geological Society, vol. xii. (1855), p. 124. 
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numerous and various Herbivora of the newer tertiary periods. 
A brief description has already been given of some of the 
singular forms, the genera of which are extinct, that lived in 
eocene and miocene times. 

Oenus Galecynus, Ow. — In 1829 the fossil skeleton of a 
Carnivore, of the size of a fox, was discovered by Sir Koderick 
I. Murchison in the pliocene schist of (Eningen. On a close 
comparison of this specimen, the w^riter finds that the first 
premolar is smaller, and the third and fourth larger than in 
the fox, and all the teeth are more close-set and occupy a 
smaller space than in the genus Canis ; the bones of the feet 
are more robust ; and these, with other characters, indicate 
an extinct genus intermediate between Canis and Viverra* 
The unique specimen is now in the British Museum. 

Oenus Feus, L — As it is by this form of perfect Carnivore 
that Cuvier chiefly illustrated his principle of the correlation 
of animal structures, it will be exemplified more particiilarly 
in this place, and by the aid of the subjoined cut (fig. 160). 
The founder of palaeontology thus enunciates the law which 
he believed to guide effectively his labours of reconstructing 
extinct species : — 

*• Every organized being forms a whole, a single circum- 
scribed system, the parts of which mutually correspond and 
concur to the same definitive action by a reciprocal re-action. 
None of these parts can change without the others also 
changing, and consequently each part, taken separately, indi- 
cates and gives all the others." t 

Cuvier did not predicate that law by an h priori method : 
he arrived at it inductively, and after many dissections had 
revealed to him the following facts — the size and shape of the 
piercing, lacerating, and trenchant teeth ; the mechanism of 
the retractile claws, and of the joints of the limb that wielded 

♦ See Quarterly Journal of the Geological Society, vol. iii., 1847, p. 55. 
f OusemenB Fossiles, 4to, torn. i. (1812), p. 58. 
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them ; that the jaw of the Carnivore is strong by virtue of 
certain proportions ; that it has a peculiarly shaped and arti- 
culated condyle, with a plate of bone of breadth and height 
adequate for the implantation of muscles, with power to 
inflict a deadly bite ; that those muscles are of such magni- 
tude as to require a large extent of surface for their origin 
from the cranium, with concomitant strength and cui-vature 
of the zygomatic arch ; the relation of the strong occipital 
crest and lofty dorsal spines to vigorous uplifting and retrac- 
tion of the head when the prey had been griped. When 
Cuvier had recognized these facts, and studied their corre- 
lations in a certain number of typical Camivora, he felt 
justified in asserting that " the form of the tooth gives that of 
the condyle, of the blade-bone («), and of the claws, just as 
the equation of a curve evolves all its properties ; and exactly 
as, in taking each property by itself as the base of a particular 
equation, one discovers both the ordinary equation and aU its 
properties, so the claw, the blade-bone, the condyle, the femur, 
and all the other bones individually, give the teeth, or are 
given thereby reciprocally ; and in commencing by any of 
these, whoever possesses rationally the laws of the organic 
economy will be able to reconstruct the entire animal." The 
principle is so evident, that the non-anatomical reader will 
have little difficulty in satisfactorily comprehending it by the 
aid of the subjoined diagram. 

In the jaws of the lion (fig. 160, h, m), there are large 
pointed teeth (laniaries or canines, c) which pierce, lacerate, 
and retain its prey. There are also compressed trenchant 
teeth (h), which play upon each other like scissor-blades in 
the movement of the lower upon the upper jaw. The lower 
jaw (m) is short and strong ; it articulates to the skull by a 
transversely extended convexity or condyle (d), received into 
a corresponding concavity (e), forming a close-fitting joint, 
which gives a firm attachment to the jaw, but almost restricts 
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its movements to one plane, as in opening and closing the 
mouth. The plate of bone, called coronoid process (r), which 
gives the surface of attachment to the chief biting muscle 
(crotaphyte or temporal) is broad and high ; the surface on 

the side of the skull (tem- 
poral fossa, f) from which that 
muscle arises is correspond- 
ingly large and deep, and is 
augmented by the extension 
of ridges of bone from its up- 
per and hinder periphery. 

The bar or bridge of bone 
(zygomatic arch) which spans 
across the muscle, bends 
strongly outwards to augment 
the space for its passage ; and 
as it gives origin to another 
powerful biting muscle (mas- 
seter), the arch is also bent 
upwards to form the stronger 
point of resistance during the 
gripe of that muscla From 
almost all the periphery of 
the back surface of the skull 
there is a strong pitted ridge, 
affording extensive att€tch- 
ment to powerful muscles 
which raise the head, together 
Fig. 160. with the animal's body which 

Palseontological characters of a Feline the lion may have seized with 

Carnivore. , . . .r • i. ^ ^ 

his jaws ; this beast of prey 
being able to draw along the carcase of a buffalo, and 
with ease to raise and bear off the body of a man. If -we 
next examine the framework of the fore limb, -which is 
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associated with the above-defined structure of the skull, we 
find that the fore paw consists of five digits (i-s) ; the 
innermost and shortest (i) answering to our thumb, and 
having two bones; the other four digits having each three 
bones or ^ phalanges." All those digits enjoy a certain free- 
dom of motion and power of reciprocal approximation for 
grasping; but their chief feature is the modification of the 
terminal phalanx, which is enlarged, compressed, subtriangular, 
and more or less bent ; with a plate of bone, as it were, re- 
flected forwards from the base, beyond which the pointed termi- 
nation of the phalanx projects like a peg from a sheath. A 
powerful, compressed, incurved, sharp-pointed, hard, homy 
claw is fixed upon that peg, its base being firmly wedged into 
the interspace between the p^ and the sheath. The toe-joint 
so armed is retractile. This complex, prehensile, and destruc- 
tive paw is articulated to the two bones of the fore leg 
(radius, ri, and ulna, u) ; they are both strong, are both distinct, 
are firmly articulated to the arm-bone (h) by a joint, which, 
although well knit, allows great extent and freedom of motion 
in bending and extension ; and, besides this, the two bones 
are reciprocally joined so as to rotate on each other, or rather 
the radius upon the ulna, carrying with it, by the greater 
expansion of its lower end, the whole paw, which can thus be 
turned "prone" or "supine;" whereby its application as an 
instniment for seizing and tearing is greatly advantaged. The 
humerus or arm-bone (h) is remarkable for the extension of 
strong ridges from the outer and inner sides, just above the 
elbow-joint. These ridges indicate the size and force of 
the supinator, pronator, flexor, and extensor muscles of the 
paw. To defend the main artery and nerve of the fore leg 
from compression during the action of these muscles, a bridge 
of bone (a) spans across them. The upper end of the arm- 
bone is equally well marked by powerful ridges for muscular 
implantation, especially for the deltoid ; but these ridges 
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do not project beyond the round "head" of the bone, s< 

impede its movements in the socket. 

The blade-bone (scapula s) is of great breadth, with 

developed processes ( 
acromion, and coracoii 
muscular attachments 
size and shape of this 
relate closely to the v 
of the muscles which o 
upon the arm-bone an' 
limb. A small clavicula 
(6) is interposed betw 
muscle of the head an 
of the arm, giving add: 
force and determinati< 
action reciprocally to 
muscles. 

Such are some of the 
fications of the teeth and i 
work of a beast of prey, 
concur, and were deem 
Cuvier to be correlated, 
organization of such ani 
Let us compare then 
those of the correspc 
parts in an ox (fig. 161), 
teeth answering to the 
laniaries in the lion are a1 
at most, one recognize 

Pal^ontologicalfharac'tcraofaRumi. homologues of the loW' 

nant (B09), nines, reduced in sia 

altered in shape, so as to form the outer teeth (c) of s 
row of incisors terminating the lower jaw. The back 
(h) instead of being trenchant, have broad and flat c; 
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roughened with hard ridges, opposing each other with a grind- 
ing action, like mill-stones. The lower jaw is long and slender ; 
it articulates to the skull by a flat condyle (d), admitting of 
rotary movements upon a flattened articular surface on the skull, 
and limiting the extent of opening and shutting the mouth. The 
coronoid process (r) is very slender, and the fossa which marks 
the size of the temporal muscle (f) is correspondingly smalL 
The zygomatic arch (o) is short and feeble, and its span is nar- 
row ; it is almost straight, or with a slight bend downwards. 
The parts of the skull (pterygoid plates) which afford attach- 
ment to the rotating muscles of the jaw, and the (angular) pait 
(/) of the jaw into which they are inserted, are of great extent. 

The ox masticates grass with great efficiency ; it inflicts 
no injury to other animals with its teeth. The horns are its 
weapons, and they are chiefly defensive. 

The fore foot of the ox is reduced to two principal toes, 
with two rudimentary ones dangling behind. Each of these 
has its extremity enveloped by a thick homy case, or hoof; 
this modification is accompanied by a junction or coalescence 
of the radius {n) and ulna (u), preventing reciprocal rotation 
or movement of those bones on each other ; by a joint 
restricting the movement of the fore arm (antibrachium) upon 
the arm (brachium or humerus, h) to one plane.; by a long and 
narrow blade-bone (s), with a stunted coracoid and no clavicle ; 
in short, by modifications adapting the limb to perform the 
movements required for locomotion, and almost restricting it to 
such. This type of fore limb is always associated with broad 
grinding teeth, and with the modifications of jaw and skull 
above defined. The due amount of observation assured Cuvier 
that these several modifications, like the contrasted ones in 
the Camivora, were correlated, and he enumerates the physio- 
logical grounds of that correlation. 

These grounds may be traced to a certain degree in the 
secondary modifications of the carnivorous order. If the 

2£ 
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retractibility of the claws be suppressed, the camassiality of 
the teeth is reciprocally modified. If the iinguiculate foot is 
reduced from the digitigrade to the plantigrade type, the denti- 
tion is still more altered, and made more subservient to a mixed 
diet. Secondary modifications of the ungulate foot have 
corresponding changes in the structure of the skull and teeth. 
By the application of the correlative principle to the fossil 
mammalian remains of pliocene and latter deposits, the Her- 
bivora have been distinguished from the Camivora; and out 
of the latter have been reconstructed extinct species of the 
feline, viverrine, ursine, and other families of the order. 

In England and continental Europe a peculiarly destructive 
feline quadmped existed, with the upper canines much elon- 
gated, trenchant, sharj^pointed, sabre-shaped, whence the name 
Machairodics proposed for this feline sub-genus. It weis repre- 
sented by species as large as a lion {M, cultrideTis* and Jf. 
latidens); and by others of the size of a leopard {M.palmidens 
and M, megantereon). This form of Feline first appears in the 
miocene of Auvergne and of Eppelsheim ; next in the pliocene 
of the Val d'Arno ; and finally in cave breccia in Devonshire. 
Species oiMachairodiis have been found in the Pampa's deposits, 
in Brazilian bone-caves, and in the Sewalik tertiaries of India, 
The penultimate tooth in the upper jaw and the last 

tooth in the lower jaw of the 
felines, were denominated by 
Cuvier " dents camassieres ." 
The camassial or sectorial is a 
very characteristic tooth in the 

Working surface of the upper Rectorial camivorOUS ordCF, but UUdeT- 
tooth, Hytena. Nat size. j-o . . 

' ^ goes many modifications, and 

preserves its typical form, as represented in figures 162 and 
163, only in the most strictly flesh-feeding species, l^ u 

• Described by Prof. Nesti of Florence in bis " Littera Terza al. Si« TVvvf 
Paolo Savi," 8vo, 182G. " *' ' 
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may be distinguished the part called the ** blade " (fig. ] 62, 
6, 6), and the part called the "tubercle'' (i). The lower 
sectorial in the genus Fclis consists exclusively of the blade 
(fig. 163), which is pretty equally 
divided into two lobes. The blade of 
the upper sectorial always plays upon 
the outside, and a little in advance, of 
the lower sectorial. 

The upper sectorial succeeds and 
displaces a deciduous tubercular molar 
in all Camivora,and is, therefore, essen- , 
tially a premolar tooth ; the lower sec- 
torial comes up behind the deciduous 
series and has no immediate predeces- 
sor; it is, therefore, a true molar, and l''>g- 163. 
the first of that class. The sectorial Side view of lower sectorial 

... tooth, Lion. Nat. size. 

teeth present gradational vaneties of 
form in the carnivorous series, from Machairodus^ in which the 
crown consists exclusively of the "blade** in both jaws, to 
Urms (fig. 164, m i), in which it is totally tubercular; the 





Fig. 164. 
Dentition of the Bear ( Unus). 

development of the tubercle bearing an inverse relation to the 
eamivoroas propensities of the species. 
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The finest examples of the lai]ge pleistocene lion {Felts 
ijpelaa) have been discovered in bone-caves — e.g^ in those of 
Banwell, Somersetshire, and of Belgium. The production of 
the apex of the nasal process of the maxillary, as far back 
^s that of the nasal bone, proves this species to have been a 
lion, not a tiger. It roamed over pliocene and post-pliocene 
Europe, and has left its remains in many stratified deposits 
)f the former period in Britain. 

Under similar circumstances have been found, more 
abundantly in Germany, the remains of the gigantic bear 
Ursus spclwxi^)) and, more abundantly in England, those of 
;he great hyiena {Hyccna spel^a), probably a spotted one, 
ike the fierce ** Crocuta" of the Cape. Wolves, foxes, badgers, 
)tters, wolverines, and martin-cats, foumarts and weasels, 
lave left their remains in the newer tertiary deposits and 
)one caves. Bats, moles, and slirews, were then, as now, 
lie forms that preyed upon the insect world in Europe. The 
najority of these Camivora, like the hares, rabbits, voles, and 
►ther Rodents, are not distinguishable from the species which 
till exist. These smaller imgiiiculate Mammals, like the 
mailer pliocene Ruminants, seem to have survived those 
hangcs during which the larger species perished. It is pro- 
)able that the horse and ass are descendants of species of 
)liocene antiquity. There is no certain character by which 
he present wild boar can be distinguished specifically from 
he SvsfossUiSy which was contemporary with the mammoth. 

Order Rodextia. 

This order includes an extensive series of small Mammals 
a which a single pair of large, curved, ever-gi'owing incisors 
1 each jaw is associated with mimy other peculiarities of 
bructure. These incisors (fig. 165, i) separated by a wide 
lter^'al from a short series of molars, characterize tlie 
^hole order of Rodents ; the single exceptioi^^^ feTiiily, Lepar- 
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idee, including hares, rabbits, and Picas or tailless hares of 
Siberia, retaining a second minute incisor behind each of the 
larger ones in the upper 
jaw. 

Some parts of the 
skeleton, and more espe- 
cially the dentition of the 
rodent order, are highly 
characteristic — the form 
of the articular surface 

for the lower iaw, which 

Fiif 1(55 

is a longitudinal groove, ^, „ ^ i / ^ 

Skull and teeth of a Forcapme. 

— the molars, especially 

of the phytiphagous kinds, crossed by enamel plates more or 
less transverse — these, with the long, curved, chisel-shaped in- 
cisors, two in each jaw, suffice to determine the ordinal rela- 
tions of the fossil. The incisors alone would not be always 
so safe a guide, for the rodent modification of these teeth is 
repeated in the marsupial wombat and the lemurine aye-aye. 

The small size of the great majority of the species of this 
order leads to the neglect or the oversight of their fossil 
remains by the labourers in quarries and other deposits of 
stone, to whom the palaeontologist is usually indebted for his 
first acquaintance with characteristic fossils of such forma- 
tions. No evidence has yet been obtained of any unequivocal 
remains of a rodent animal in strata more ancient than the 
eocene tertiary deposits. Cuvier detected remains of Eodents 
allied to the dormouse {Myoxus) and squirrel {Sciunis) in the 
eocene building-stone of the Montmartre quarries near Paris. 
The lacustrine marls of the middle (miocene) tertiary period 
have yielded evidences of not fewer than eleven genera of 
Eodentia distinct from any now known to exist. The deposits 
at Eppelsheim, near Daimstadt^ of the same miocene age, have 
given evidence of Eodents akin to the marmot and the beaver. 
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The more recent tertiary formations and the bone-caves in 
England have furnished fossil remains not distinguishable 
from the existing beaver, hare, and rabbit, water-vole and 
field-vole, as well as remains of a Pica, or tailless hare, belong- 
ing to the genus LagomySy and of a very large Bodent, akin 
to the beaver, called TrogorUherium. Similar fossil remains 
have been abundantly found in the pliocene and later forma- 
tions of continental Europe, including representatives of the 
genus HystriXy or fossil porcupines {H. refossa, Ger.), from the 
pliocene of Issoire. The coeval deposits of America have 
yielded fossil remains of extinct species belonging to genera 
— e, g,y Lagostomus, EchimySy Ctenomys, CcelogenySy and other 
Cavies — now restricted to South America. In North America, 
fossil remains of a Eodent {Casteroides) of comparatively 
gigantic size have recently been discovered. 

The great beaver (Trogontherium) seems to have become 
extinct in England and the Europaeo-Asiatic continent before 
the historical period ; whilst the smaller pliocene beaver con- 
tinued to exist with us, like the wolf, until hunted down by 
man. It still survives in a few of the great continental rivers. 
Of the little Lagomys of our ossiferous caves no living 
example remains in either England or Europe. The species, 
indeed, may be extinct : its genus is now limited to Central 
and Southern Asia. 

GEOGRAPHICAL DISTRIBUTION OF PLEISTOCENE MAMMALS. 

A most interesting generalization has been educed fix)m 
the mass of facts relating to the fossil Mammals of the later 
tertiaries — ^viz., the close correspondence between the fauna of 
those and of the present periods in the Europaeo-Asiatic ex- 
panse of dry land. In this expanse species continue to exist of 
nearly all those genera which are represented by pliocene and 
post-pliocene mammalian fossils of the same natural continent, 
and of the immediately adjacent island of Great Britain. 
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The bear has its haunts in both Europe and Asia ; the 
beaver of the Ehone and Danube represents the great Trogon- 
therium ; the lagomys and the tiger exist on both sides of 
the Himalayan mountain chain ; the hyaena ranges through 
Syria and Hindostan ; the Bactrian camel typifies the huge 
Merycotherium of the Siberian drift ; the elephant and rhino-* 
ceros are still represented in Asia, though they are now con- 
fined to the south of the Himalayas. The true macacques are 
peculiar to Asia, and though most abundant in the southern 
parts of the continent and the Indian Archipelago, also exist 
in Japan; a closely-allied sub-genus {Inuus) is naturalized 
on the rock of Gibraltar at the present day. A fossil sj)ecie8 
of MaccLcus was associated with the elephant and rhinoceros 
in England during the period of the deposition of the newer 
pliocene fresh-water beds. The more extraordinary extinct 
forms of Mammalia, called ElasmotheHum and SivcUherium^ 
have their nearest existing pachydermal and ruminant ana- 
logues in the same continent to which these fossils are pecu- 
liar. Cuvier places the Elasmothere between the horse and 
rhinoceros. The existing four-horned antelopes, like their 
gigantic extinct analogues, the Sivathere and Bramathere, are 
peculiar to India, It may be regarded as part of the same 
general concordance of geographical distribution, that the 
genus Hippopotamus^ extinct in England, in Europe, and in 
Asia, should continue to be represented in Africa, and in 
none of the remoter continents of the earth — Africa also hav- 
ing its hyaena, its elephant^ its rhinoceros, and its great feline 
Carnivores. The discovery of remains of Hyama crocuta, now 
peculiar to Africa, and of Elephas africanvs, in bone-caves of 
Sicily, and the shallowness of the sea stretching from that 
island towards Africa, indicate the course of submergence of 
part of the land once connecting Africa with Europe. The 
HeUadotherium of Greece, and other extinct species of Camelo^ 
pardalis in both Europe and Asia, of which genus the sole 
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existing representative is now, like the hippopotamus, confined 
to Africa, adds to the propriety of regarding the three conti- 
nuous continental divisions of the Old Worid as forming, in 
respect to the geographical distribution of the pliocene, post- 
pliocene, and recent manmialian genera, one great natural 
province. The only large edentate animal {Pangolin gigan- 
tesque, Cuvier ; MacrotJieHum, Lartet) hitherto found in the 
tertiary deposits of Europe, manifests its nearest afiinities to 
the genus Manis, which is exclusively Asiatic and African. 

Extending the comparison between the existing and the 
latest of the extinct series of Mammalia to the continent of 
South America, it may be first remarked that, with the excep- 
tion of some carnivorous and cervine species, no representa- 
tives of the above-cited mammalian genera of the Old World 
of the geogi-apher have yet been found in South America, 
Buffon * long since enunciated a similar generalization with 
regard to the existing species and genera of Mammalia ; it is 
almost equally true in respect of the fossil. Not a relic of an 
elephant, a rhinoceros, a hippopotamus, a bison, a hyaena, or 
a lagomys, has yet been detected in the caves or the more 
recent tertiary deposits of South America. On the contrary, 
most of the fossil Mammalia from those formations are as dis- 
tinct from the Europajo- Asiatic forms as they are closely allied 
to the peculiarly South American existing genera of Mammalia. 

The genem Eqmu% Tapirus, and the still more ubiquitous 
Mastodon, form the chief, if not sole exceptions. The repre- 
sentation of Equtis during the pliocene and post-pliocene 
periods by distinct species in Asia (E, primigenivs) and in 
South America (E. curvidens), is analogous to the geographicfid 
distribution of the species of Tapincs at the present day. 

South America alone is now inhabited by species of sloth, 
of armadillo, of cavy, aguti, ctonomys, and platyrrhine monkey ; 
but no fossil remains of a quadruped referable to any of these 

♦ Hibtoire Naturello, torn, ix., p. 13, 4to, 1758. 
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skeleton, now complete in the British Museum, measures 18 
feet ; its dentition agrees as to number and kind of teeth 
with that of the sloths {Bradyptis). But the molars (fig. 167) 
are longer, more deeply implanted, of more complex structure, 
and with grinding surfaces of the bilophodont type. The 




2 d ^J 
Fig. 167. 
Section of upper molar teeth, Megatherium (one-third nat. size), Pleistocene, 
South America. 

elephants, which subsist on similar food to that of the Mega* 
therium, had their grinding machinery maintained by a mime- 
rous succession of teeth : the same end was attained in the 
Megatherium, by a constant growth and renovation of the 
same teeth. The formative pulps were lodged in the deep 
basal cavities, exposed in the section figured (fig. 167, p). The 
molar teeth were five in number on each side of the upper 
jaw, and four in number on each side of the lower jaw (fig. 
168). In this bone the fore part is much prolonged, and 
grooved above, to support a long, cylindrical, powerfully mus- 
cular tongue, by which the Megatherium, like the giraffe, 
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stripped off the small branches of the trees its colossal 
strength enabled it to prostrate. The dentition of Mylodon 
differed from that of Megatherium only in the shape of the 
teeth. The same may be said of the allied genera Megalonyx 
and Scelidotherium : the former is re- 
markable for the expanse of its heel- 
bone, the latter for the breadth of its 
thigh-bone. They were all contem- 
porary and locally associated genera of 
the same extinct family of great ter- 
restrial sloths. 

In like manner, the small loricated 
and banded quadrupeds of South Ame- 
rica, called armadillos, were represented 
in pleistocene times in that continent 
by as well-defended species, rivalling 
the Megatherioids in bulk. The speci- 
men of the almost entire skeleton and 
bony armour (fig. 169) is of one of the 
smaller species of these great extinct 
non-banded armadillos ; yet it measures 
from the snout to the end of the tail. 




Fig. 168. 



/. 11 . .1 n .1 1 1 ^ <. . Lower jaw and teeth of 

following the curve of the back, 9 feet; Megatherium (Pleistocene, 

the tesselated trunk-armour being 5 feet ^""^^ America), 
in length and 7 feet across, following the cur\'e at the middle 
of the back. These large extinct species difler from the 
modem armadillos, in having no bands or joints in their coat 
of mail, for the purpose of contracting or bending the body 
into the form of a balL They also differ in the fluted form 
of the teeth (fig. 170); whence the generic name {Olypto- 
dan) assigned to them. The species are distinguished, like 
their present puny representatives {Dasyjnis)^ by peculiar 
patterns of the outer surface of the constituent ossicles of 
the tesselated maiL In those of the species figured (G. da- 
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vipes), a large raised central circular plate is surrouDded by 
smaller portions. The species named 0. reticulatttSy 0. tuber- 
culatus, 0. omatusy etc., have their names from other naodi- 
fications of the sculptured surface of their armour. Above 
the principal figure in cut 1 G9 are shewn the fix)nt and back 




Extinct gigantic Armadillo {Olyptodon clavipes). 

mai-gins of the body-armour ; below it, opposite the left hand, 
are upper and under views of the cmnium, which was defended 
by a tesselated bony casque. The tail also had its indepen- 
dent osseous sheath, supported by the vertebi^se within, as 
shewn in the figure opposite the right hand. 

Toxodon* Macrauchcniay^ and Protojntheais^ are additional 
evidences of extinct South American Mammals, matched only 
by species now peculiar to that continent. 

Australia in like manner yields evidence of an analogous 
coiTespondence between its last extinct and its present abori- 
ginal mammalian fauna, which is the more interesting on 
account of the very peculiar organization of most of the 

♦ Owen, "FosHil Mammalia of the Voyage of the Beagle," 4to, 1839. 

t lb. ^ Lund. Annalos des Sciences Nat., 2d series, torn, xiii., p. 3x3. 
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native quadrupeds of that division of the globe. That the 
Marsupialia form one great natural group, is now generally 
admitted by zoologists ; the rei)resentatives in that group of 
many of the orders of the more extensive placental di\'ision 
of the Mammalia of the larger continents 
have also been recognized in the existiDg 
genera and species: the dasyui'es, for ex- 
ample, play the parts of the Carnivoray the 
])andicoots {Pcrarncles) of the Iiiscctivora, the 
phalanges of the Quadriimana, the wombat 
of the Rodcntia, and the kangaroos, in a 
remoter degree, that of the Rumhiantia, 
The first collection of mammalian fossils 
from the ossiferous caves of Australia* 
brought to light the former existence on 
that continent of larger species of the same 
I)eculiar marsupial genera : some as the 
Thylncinc, and the dasyurine sub-genus re- 
presented by the D, uraim/s, are now extinct 
on the Australian continent, but one species 
of each still exists on the adjacent island 
of Tasmania ; the rest were extinct wombats, 
phalangers, potoroos, and kangaroos — some ^ 

of the latter {Macropv.s Atlas, M. Titan) r^^ y^ - . 

l>eing of great stature. A single tooth, in Armadiilo (OlwtO' 

., ,, .. ^ ^ ., ., don davipes), F]e\B- 

the same collection OI fossils, gave the tocene, South Ame- 

first indication of the fonner existence of "^*^ 
a t}'pe of the marsupial gi'oup, which represented the Pachy- 
derms of the larger continents, and which seems now to 
have disappeared from the face of the Australian earth. 
Of the great quadruped, so discriminated by the ^^Titer, under 
the name Diprotodon in 1 838, successive subsequent acquisi- 

* Mitchell's (Sir Thos.) Three Kxpeditions into the Interior of AuBtralia, 
8vo, 1838, vol. ii., p. 350. 
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tions have established the true marsupial character and 
the near affinities of the genus to the kangaroo {Macropus)^ 
but with an osculant relationship with the herbivorous 
wombat. The entire skull of the Diprotodon Avstralis (fig. 
171) has lately been acquired by the British Museum, shew- 
ing in situ the tooth (i) on which the genus was founded. 
This skull measures 3 feet in length; that of a man is 
inserted in the cut to exemplify the huge dimensions of the 




Fig. 171. 
Skull, gigantic Pachy dermoid Kangaroo {Diprotodon AustraUa) Pleistocene, 

Australia. 



primeval kangaroo. Like the contemporary gigantic sloth in 
South America, the Diprotodon of Australia, while retaining 
the dental formula of its living homologue, shews great and 
i-emarkable modifications of its limbs. The hind pair were 
much shortened and strengthened, compared with those of the 
kangaroo ; the fore pair were lengthened as well as strength- 
ened ; yet, as in the case of the Megatherium, the ulna and 
radius were maintained free, and so articulated as to give the 
fore paw the rotatory actions. These in Diprotodon^ would be 
needed, as in the herbivorous kangaroo, by the economy of 
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the marsupial poucL The dental formula of Diprotodon 
was i ^, c ^, p ^~y m ^ = 28* and, as in Ma^op^is major, 
the first of the grinding series (p) was soon shed; but the 
other four two-ridged teeth were longer retained, and the 
front upper incisor (i, i) was very large and scalpriform, as in 
the wombat. The zygomatic arch sent down a process for 
augmenting the origin of the masseter muscle, as in the 
kangaroo. The foregoing skull, with parts of the skeleton, 
of the Diprotodon AvMralis, were discovered in a lacustrine 
deposit, probably upper pliocene, intersected by creeks, in the 
plains of Darling Downs, Australia. 

The same formation has yielded evidence of a somewhat 
smaller extinct herbivorous genus (Noto- 
therium), combining, with essential aflft- 
nities to Macropiis, some of the characters 
of the Koala (Phascolarctus).^ The 
writer has recently communicated de- 
scriptions and figures of the entire skull ^^S- 172. 
of the Notothenum MitcMli to the Geo- ^^f ^^j^I^/ ^al 
logical Society of London.^ The genus ^at. size), Pleistocene, 
Phascolomys was represented, at the plio- 
cene period in Australia, by a wombat (P. gigas) of the 
magnitude of a tapir, one of the grinding teeth of which is 
figured, of the natural size, in fig. 172. 

The pliocene marsupial Camivora presented the usual 
relations of size and power to the Herbivoray whose undue 
increase they had to check. Fig. 173 represents an almost 
entire skull, with part of the lower jaw of an animal rivalling 
the lion in size, the marsupiality of which is demonstrated by 
the position of the lacrymal foramen (/) in front of the orbit ; 
by the palatal vacuity (o), by the loose tympanic bone, by the 

* Sec that of MacropttSj explained in Ency. Brit., article Odontology, p. 449. 
t "Report on the extinct Mammals of Australia," Trans, of Brit. Assoc., 

1844. 

♦ Quarterly Journal of the Gcol. Soc., pt. iv., 1858. 
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development of the tympanic bulla in the alisphenoid, b; 
very small relative size of the brain, and by other chara 
detailed in the "Philosophical Transactions"* for 1859. 
camassial tooth (jol) is 2 inches 3 lines in longitudinal ex 
or nearly double the size of that in the lion. The n 
tubercidar tooth (/w, i) resembles in its smallness and pes 
that in the placental Felines. But in the lower jaw the 




Fig. 173. 

Skull of a large extinct Marsupial Carnivore {ThylacoUo oam(/er), 

Pleistocene, Australia. 

nassial (p) is succeeded by two very small tubercular t 
(m I and i), as in Ploujiaidax (fig. 93, p. 332) ; and there 
socket close to the symphysis of the lower jaw of T%yla 
which indicates that the canine may have terminated 

* " On the Fossil Mammals of Australia. Part I. Descriplion c 
ThylacoUo carnifex.'* By Prof. Owen, etc. 
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dental series there, and have afforded an additional featun* of 
resemblance to the Plag^ianlax, 

The foregoing are some of the more interesting illusti-a- 
tions of the law, that ** with extinct as with existing Mam- 
malia, particular forms were assigned to particular provinces, 
and that the same forms were restricted to the same pro- 
vinces at a former geological period as they are at the 
present day."* That period, however, w^as the more recent 
tertiary one. 

In carrying back the retrospective comparison of existing 
and extinct Mammals to those of the eocene and oolitic strata, 
in relation to their local distribution, we obtain indications 
of extensive changes in the relative position of sea and land 
during these epochs, in the degree of incongruity between the 
generic forms of the Mammalia which then existed in Euroix* 
and any that actually exist on the great natural continent of 
which Europe now forms part. It would seem, indeed, that 
the further we penetrate into time for the recovery of ex- 
tinct Mammalia, the fui-ther we must go into space to find 
their existing analogues. To mat<3h the eocene Pahvotheres 
and Lophiodons we fetch Tapii-s from Sumatra or South 
America, and we must travel to the antipodes for Myrmeco- 
bians, the nearest living analogues to the Amphitheres of our 
oolitic strata. 

On the problem of the extinction of species little can be 
said; and of the more mysterious subject of their coining into 
being, nothing definite or demonstrative at present. As a 
cause of extinction in times anterior to man, it is most reason- 
able to assign the chief weight to those gradual changes in the 
conditions affecting a due supply of sustenance to animals in 
a state of nature which must have accompanied the slow alter- 

* Owen, Report on the Extinct Mammal8 of Australia, TranB. Brit. Associa- 
tion, 1844. 

2f 
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nations of land and sea brought about in the aeons of geological 
time. Yet this reasoning is applicable only to land-animals ; 
for it is scarcely conceivable that such operations can have 
affected sea-fishes. 

There are characters in land animals rendering them more 
obnoxious to extirj)ating influences, which may explain why 
so many of the larger species of particular groups have become 
extinct, whilst smaller species of equal antiquity have sur- 
vived. In proportion to its bulk is the difficulty of the con- 
test which, as a living organism, the individual of such 
species has to maintain against the surrounding agencies 
that are ever tending to dissolve the vital bond, and subjugate 
tlie living matter to the ordinary chemical and phy^cal 
forces.* Any changes, therefore, in such external agencies as 

• The influence of the contest for existence, amidst the changes of the cir- 
cnmstAnccH to which an animal has been adapted, on the extinction of species, 
was first propounded by the autlior in his fourth memoir on Dtnomw, 1860 
(Trans, of the Zool. Society, vol. iv., p. 15). The same principle has since been 
evoked to explain not only the extinction but the origin of species. 

Mr. Wallace,* assumes that a variety may arise in a wild species, adapting it to 
changes in surrounding conditions, under which it has a better chance of existence 
than the type-form from which it deviated, and of which it would take the place. 

Mr. Ctiarles Darwin had, previously to Mr. W^allace, conceived the same 
application of this principle, which he illustrates in his work " On the origin of 
Species," by many ingenious suppositions, such as the following: — "To give 
an imaginary example from changes in progress on an island — let the orgam> 
zation of a canine animal which preyed chiefly on rabbits, but sometimes on 
hares, become slightly plastic ; let these same changes cause the number of 
rabbits very slowly to decrease, and the number of hares to increase ; the effect 
of this would be that the fox or dog would be driven to try to catch more hares; his 
organization, however, being sh'ghtly plastic, those individuals with the lightest 
forms, longest limbs, and best eyesight, let the difference be ever so small, 
would be slightly favoured, and would tend to live longer, and to survive during 
that time of the year when food was scarcest ; they would also rear more young, 
which would tend to inherit these slight peculiarities. The less fleet ones 
would bo rigidly destroyed. I can see no more reason to donbt that these causes 
in a thousand generations would produce a marked effect, and adapt the form 
of the fox or dog to the catching of hares instead of rabbits, than that ffrar- 
hounds can be improved by selection and careful breeding." f Yet this con- 



* Proceedings of the LiniUMUi Society, August 1658, p. 67. 
t Proceedingn of the Linnmui Society, August 1858, p. 49. 
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a species may have been originally adapted to exist in, will 
militate against that existence in a degree pi-oportionate to 
the bulk of the species. If a dry season be gradually pro- 
longed, the large Mammal will suffer from the drought sooner 
than the small one ; if such alteration of climate affect the 
quantity of vegetable food, the bulky Herbivore will first feel 
the effects of stinted nourishment ; if new enemies be intro- 
duced, the lai-ge and conspicuous animal will fall a prey, 
while the smaller kinds conceal themselves and escape. Small 
quadrupeds are more prolific than large ones. Those of the 
bulk of the Mastodons, Megatheres, Glyptodons, and Diproto- 
dons are uniparous. The actual presence, therefore, of small 
species of animals in countries where larger species of the 
same natural families formerly existed, is not the consequence 
of degeneration — of any gradual diminution of the size of such 
species — but is the result of circumstances which may be il- 
lustrated by the fable of the "oak and the reed ;" the smaller 
animals have bent and accommodated themselves to changes 
to which the larger species have succumbed. 

That species, or forms so recognized by their distinctive 
characters and the power of propagating them, have ceased to 
exist, and have successively passed away, is a fact no longer 
questioned. That they have been exterminated by exceptional 
cataclysmal changes of the earth's surface has not been proved. 
That their limitation -in time, in some instances or in some 

ditioD of things, if followed out to its full consequences, seems to lead only 
to my original inference, viz., an extinction of species ; for, when the hares 
were all destroyed the long-legged dogs would perish. At most there could 
but be a reversion to the first form and conditions. For, as the hares 
decreased in number, that of the rabbits would increase; the changes of 
organization that fitted the dogs for catching hares being such as would detract 
from their power of unearthing rabbits. A variety with a shorter and stronger 
foot might arise, and would be the first to profit by the preponderance of the 
burrowing rodentn. The individual dogs with the strongest and shortest limbs, 
let the difference be ever so small, would be slightly favoured, live longer, rear 
more young inheriting the rabbit-catching peculiarities ; the less fossorial varie- 
ties woald be rigidly destroyed, etc. It is an argument in a circle. 
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measure, may be due to constitutional changes accumulating 
by slow degrees in the long course of generations, is possible ; 
but all hitherto observed causes of extirpation point either 
to continuous slowly operating geological changes, or to no 
greater sudden cause than the, so to speak, spectral appear- 
ance of mankind on a limited tract of land not before inhabited. 
It is most probable, therefore, that the extinction of species, 
prior to man's presence or existence, has been due to ordinary 
causes — ordinary in the sense of agreement with the laws of 
never-ending mutation of the geographical and climatal con- 
ditions on the earth's surface. Tlie species, and individuals 
of species least adapted to bear such influences, and incapable 
of modifying their organization in agreement therewith, have 
perished. Extinction, therefore, on this hypothesis, implies 
the want of self-adjusting power in the individuals of the 
species subject thereto. 

But admitting extinction as a natural Iaw% which has 
operated from the beginning of life under specific forms of 
plants and animals, it might be expected that some evidence 
of it should occur in our o^\^l time, or within the historical 
period. Ileference has been made to several instances of the 
extirpation of species, certainly, probably, or possibly, due to 
the direct agency of man. The hook-billed parrot {Nestor 
prodn^us) of Philip's Island, west of New Zealand, is, perhaps, 
the latest instance of this kind. But this cause avails not in 
the question of the extinction of species at periods prior to 
any evidence of human existence ; it does not help us in the 
explanation of the majority of extinctions, as of the races of 
aquatic Invertebmta and Vertebrata wliich have successively 
passed away. 

The Great Auk {A lea impennis, L) seems to be rapidly 
verging to extinction, if it be not exterminated ; and that not 
wholly, as in the case of the dodo and dinoruis, by the hand 
of man. Some of the geological changes affecting circum- 
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stances favourable to the well-being of the Alva ivqyenniSy 
have been matters of observ-ation. An estimable naturalist, 
the late John Wolley, i^q., who visited Iceland in 1 858, in- 
formed me tliat the last gi-eat auks know^n with anything 
like certainty to have been seen living, were two which were 
taken in 1844 during a visit made to the high rock, called 
"Eldey," or " Meelsoekten," lying off Cai)e lieykianes, the 
S. W. pomt of Iceland. This is one of three principal i-ockj' 
islets formerly existing in that direction, of which the one, 
specially named from this rnre bird " CJeirfugla Sker," sank 
to the level of the surface of the sea during a volcanic disturb- 
ance in or about the year 1 830. Such disappearance of the 
lit and favourable bi-eeding-places of the Alca impenim must 
form an important element in its decline towanls extinction. 
The numbers of the bones of Alca impennis on the shores of 
Iceland, Greenland, and Denmark, attest the abundance of the 
bird in former times. 

Within the last centur}% academicians of Petersburg and 
good naturalists described and gave figures of the bony and 
the perishable parts, including the alimentary canal, of a lai'ge 
and peculiar fucivorous Sircnian — an amphibious animal like 
the Manatee, which Cuvier classified with his herbivorous 
Cetacea, and called Stellerus, after its discoverer. This animal 
inhabited the Sil)erian shores and the mouths of the great 
rivers there disemboguing. It is now believed to be extinct, 
and this extinction appears not to have been due to any special 
quest and persecution by man. We may discern in this fact 
the operation of changes in physical geography, which have at 
length so affected the conditions of existence of the Stelleria 
as to have caused its extinction. Such changes had operated, 
at an earlier jKjriod, to the extinction of the Siberian elephant 
and rhinoceros of the same regions and latitudes : a future 
generation of zoologists may have to i-ecord the final disappear- 
ance of the Arctic buffalo {Oviboa moscJuitus). Bemains of 
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Ovibos and Stellerus shew that they were contemporaries of 
Elephas yrimigeniibs and Rhinoceros tichorhinus. 

But recent discoveries indicate that in the case of these 
and other extinct quadrupeds * a rude primitive human race 
may have finished the work of extermination, begun by ante- 
cedent and more general causes. 

On the land made dry after the bouldeiHjlay period of 
the glacial climate of the now temperate latitudes of Europe, 
roamed the hair-clad elepliant, under the varieties called 
antiqmis and ^?r/7;^iY/C7ii?/^, the ptychorhinoceros, the spelaean 
lion, bear, and hyjuna, huge species of bison, oxen, deer, with 
the musk-buffalo and rein-deer : on this latest land a rude and 
primitive race of men were their contemporaries. The shells 
of both marine and fresh-water mollusks (in the sands and 
gravel-beds containing evidences of the above-associated mam- 
mals) ai-e of the species still living in contiguous seas and rivers. 

Flint weapons, called " celts," have been discovered in beds 
of sand and gmvel, containing remains of the mammoth and 
other extinct post-glacial beasts, in the valley of the Somme 
near Abbeville and Amiens, at different periods, from the 
year 1838 (Boucher de Terthes, "Antiquites celtiques et 
antediluvicnnes," Paris, IH-l'T) to the present time. 

These evidences of the human species have been extracted 
from the deposits in question, by Mr. Prestwich, gravel pit at 
St. Acheul (** 1 7 feet from the surface in undisturbed ground,'* 
"Proceedings of the Koyal Society," May 26, 1859); by Mr. 
Flower (** 20 feet from the surface, in a compact mass of 
gravel," '' Times,'' November 18, 1859) ; by M. Gaudry (*'UIn- 
stitut," October 5, 1859) ; and by M. Geo. Pouchet, — all with 
their own hands in the course of the year 1859. 

* Lartet, ** Sur une anciennc station humaine avec n^palturo contemporaine 
des grandB Tnammifcrcs foswlcs reputes caractcristiqncs de la derni^re pcriode 
p6ologique." Bulletin de la Soc. Philomath. Paris, Mai, 1861. 
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The formations following each other from the surface, in 
sections at St. Acheul, are the following : — 



Ftet 



Inches. 
8 


12 


2 



rt. Surface soil ..... 

b. Brown loam in four layers of different shades, 

c. White siliceous sand and light-coloured marl, 

with fine chalk grit and patches of flint 

gravel . . . . . 4 10 

d. Coarse subangular flint-gi*avcl, with mam- 

malian I'emains and flint implements dis- 
persed throughout, but chiefly at the lower 
part . . . . .50 



22 



In the deposit d, have been found, at St Acheul, remains 
of Elcphas pnmigeniuSy Rhinoceros tichorhimis^ Eqmis fossUis^ 
Bos irrimigaiius, Cervus sonumensis ; at Abbeville, also, Cervus 
tarandus priscuSy Felis spdcea, Hyctna spelceay Ursus spelceiis ; 
at St. Eoch, Elephas antiquus and Hipjfopotamus major, 

Flint weapons of the same large size and rude fabrication 
as those foimd in the gravel bed c?, at St Acheul, were dis- 
covered by Mr. John Frere, F.RS. (" Archeologia," vol. xiii., 
" An account of flint weapons discovered at Hoxne in Suflblk," 
1800) in a bed of flint gravel, 16 feet below^ the surface, of the 
same post-glacial age as that in the valley of the Somme. 

Flint weapons have been discovered in many caves mixed 
indiscriminately with the bones of the extinct cave-bear and 
rhinoceros. One in particular w^as met with beneath a fine 
antler of a rein-deer, with a femur of the CAve-bear, imbedded 
in the superficial stalagmite in the bone-cave at Brixham, 
Devonshire, during the careful exploration of that cave con- 
ducted by a conmiittee of the Geological Society of London in 
1858 and 1859. 

Dr. Falconer, F.G.S., has communicated (" Proceedings of 
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the Geological Society," June 22, 1859) the results of his 
examination of ossiferous caves in Palermo ; and in respect 
to the "Maccagnone cave/* he draws the following inferences : — 
That, " it was filled up to the roof within the hiunan period, 
so that a thick layer of bone splinters, teeth, land-shells, 
coprolites of hya?ua, and human objects, was agglutinated to 
the roof by the infiltration of water holding lime in solution ; 
that subsequently and within the human period, such a great 
amount of change took place in the physical configuration of 
the district as to have caused the cave to be washed out, 
and emptied of its contents, excepting the floor-breccia and 
the patches of material cemented to the roof, and since coated 
with additional stalagmite/' (P. 136.) 

After close examination of most of these instruments, 
including the one discovered by Mr. Flower, I am satisfied 
that they are the residt of design, and the work of human 
hands. 

The colouring of the fashioned flints perfectly accords 
w^th that of the accidentally broken flints in the same gravel- 
bed, indicating an equal period of rest in such bed. In 
regard to the geological characters of these * celt '-bearing 
deposits, their most experienced investigator ♦ states : — 
** Although closely related to the present configuration of the 
surface, they are always, more or less, independent of it ;" 
and although ** they are often near present lines of drainage, 
yet they could not, as a whole, possibly have been formed 
under their operation." Sir Charles LyeU infers, from the 
phenomena of the deposits containing the flint implements 
and mammalian remains, "considerable oscillations in the 
level of the land in that pait of France. Slow movements 
of upheaval and subsidence, deranging but not w^hoUy dis- 

* Joseph Prestwich, Esq., F.R.S., " On the Occurrence of Flint Implements, 
asHociated with the Remainfl of Animals of Extinct Species in Beds of a late 
(teological Period, in France at Amiens and Abbeville, and in England at 
Hoxnc." Philos. Transactions, vol. 150, 1860, p. 277. 
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placing the course of ancient riveiu'' * But Mr. Pi*est\vich, 
in respect to the same valley-deposits, remarks, that, "although 
often indicating considerable tige, they show mtes of g^o^^'th, 
which, though variable, apj)ear, upon the whole, to have ])een 
comparatively rapid." And I fully concur with him in the 
conclusion, that the present evidence does not necessitate the 
carrying back the dat<? of man, in past time, so much as 
bringing forward of the extinct i)ost-glacial animals towai*ds 
our own time. 

As to the successive ai)peamnce of new si)ecies in the 
coui"se of geological time, it is first requisite to avoid the 
eonunon mistake of confounding the propositions, of species 
being tlie result of a continuously opemting secondary cause, 
and of the mode of operation of such creative cause. Biolo- 
gists may entertain the first without accepting any current 
hypothesis as to the second. That the species of the miner- 
alogist and the botanist should be owing — the one to a 
natural, the other to a supernatural force — the one to the 
operation of a second cause, the otlier to the direct inter- 
ference of a fii*st cause, is not probable. The nature of the 
forces operating in the production of the cells of a lichen may 
not be so clearly undei-stood as those which arranged the atoms 
of the crystal on which the lichen spreads. " Whether an inde- 
pendent, free-moving, and assimilating organism, of the grade of 
structure of a germ-cell, may not arise by a collocation of par- 
ticles through the operation of a force analogous to that which 
originally formed the germ-cell in the ovarian stroma, is a 
question woi-thy all care and pains in its solution." t Pouchet 
has contributed valuable evidence of such production, under 
external influences, of species of Protozoa, t With regard to 

* " AildresH," etc., on opening tbc S<>ction of Geology at the Meeting of the 
Hritish AKHociiition at Aberdeen, September 15, 1859. 

t Prohident's AddrewH on the opening of the Meeting «>f the British Abbo- 
riation ut Leeds, 185S. 

\ IIeti'n»g«-nie. ftvo, lH;V.i. 
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the species of higher organisms, distinguishable as plants and 
animals, their origin is as yet only matter of speculation. 

Buifon* regarded varieties as particular alterations of 
species, which illustrated the mutability of species themselves. 
He held that most of the so-called species in the Linnff>an 
system were but so many evidences of the progressive degrees 
of change which had been superinduced by time and successive 
generations, and chiefly by degradation from a primordial t3rpe. 
Applying this principle to the quadrupeds of which he had 
given the histoiy in his great work, he believed himself able 
to reduce them, with the exception of a few insulated forms, 
to a very small number of primitive stocks, of which he 
enumerates " fifteen." 

AL'. Dai-wun, in the work above cited, is led to believe that 
" animals have descended from at most only four or five pro- 
genitors, and plants from an equal or lesser number. Ana- 
logy," he adds, " would lead me one step further, namely, to the 
l)olief that all animals and plants have descended from some one 
primordial form, into which life was first breathed" (p. 414). 

Lamarck t rejects even this limitation of tlie supernatural 
act whereby " ceitain elemental atoms had been commanded 
suddenly to flash into living tissues" (Darwin, p. 483); and with 
a more consistent trust in the potentiality of second causes, he 
conceives that the simplest single-celled organisms are ever in 
course of being formed out of their elemental atoms. These 
stand in the i>lace of Darwin's primordial created forms. The 
progress of transmutation and development is onwards, in a 
direction the reverse of Bufibn's. Adverting to observed 
ranges of variation in ceiiain species, Lamarck afiirms that such 
variations i)roceed and keep pace with the continued operation 
of the causes producing them ; that such changes of forni and 
structure induce con-esponding changes in actions, and that a 

* IliHtoiro Naturelle, Degeneration dcs Animaux, lom. xiv., p. 311 
t " I*hiIo8oi)bie Zoologiquo," Hvo., 18(K>. 
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change of actions, when habitual, becomes another cause of 
altered structure ; that the more frequent employment of cer- 
tain parts or organs leads to a proportional increase of develop- 
ment of such parts ; and that as the increased exercise of one 
part is usually accompanied by a corresponding disuse of 
another, this very disuse, by inducing a proportional degree 
of atrophy, becomes an additional element in the progressive 
mutation of organic forms. 

Another theorist calls to mind the instances of sudden 
departure from the specific type, manifested by a malfonned 
or monstrous offspring, and quotes the instances in which such 
malformations have lived and propagated the deviating struc- 
ture. He notes also the extreme degrees of change and of 
complexity of structure undergone by the germ and embryo 
of a highly organized animal in its progress to maturity. He 
speculates on the influence of premature birtli, or on a some- 
what prolonged fietation, in establishing the beginning of a 
specific form different from that of the parent. 

Darwin and Wallace, to explain the origin of sj^ecies, 
combine the principle of "the contest for existence" with 
those of *' accidental variety,'* " inherited variety," and " the 
influence of external circumstances and internal adaptability," 
as co-efficients in altering specific characters. Each theorist 
invokes the requisite duration of time. 

But observation of the actual change of any one species 
into another, tlirough any or all of the above hypothetical 
transmuting influences, has not yet been recorded. And past 
exi>erience of the chance aims of human fancy, unchecked 
and unguided by obser\'ed facts, shews how widely they have 
ever glanced away from the gold centre of truth. 

Facts that oppose some of the surmises on the origin of 
species liave been elsewhere pointed out by the writer.* The 

* Description of (lie hIcuU of the Troglinlytes gorilla, Feb. 184S. Trans. 
Zool. Soc., vol. iii., p. 414. 
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generalisations, based on rigorous and extensive observation of 
facts, which have impressed him with a conviction of a con- 
tinuously operative secondary creational power, originating 
the succession of species, are tlie following: that of irrela- 
tive or vegetative repetition ;♦ that of unity of plan, as 
demonstrated in the articulate f and vertebrate f types of 
organisation ; the facts of congenital varieties ; the pheno- 
mena of pai-thenogenesis ; § the analogies of transitory embry- 
onal stages in a higher animal, to the mature forms of lower 
animals ; the great pala^ontological fact of the successive 
coming in of new species, from the period of the oldest de- 
posits in which organic remains have been found ; such 
species being limited in time, and never reappearing after 
once dying out ; the many instances of retention of sti-uctures 
in palaeozoic species, which are embrj'onal and transitory in 
later species of the same order or class ; the progressive de- 
parture fram a general to a special type, as exemplified in 
the series of species from their first introduction to the pre- 
sent time. 

The inductive demonstration of the nature and mode of 
operation of such secondary continuously operative species- 
producing force will henceforth be the gi'eat aim of the 
philosophical natui-alist. 

The Table (fig. 1 74) expresses the sum of the observations, 
at the present date, on the successive appearance and geolo- 
gical relations of the several orders of the Mammalian class. 

The earliest evidences are of small species, which, when- 
ever they have presented grounds for ordinal determination, 

* Owen, Lectures on the Invertebrata, 8vo., 1843, p. 364. 

f Savigny, Animaux Inverterbres d'Egyptc, Descr. de I'Egypt, 4to. vols, 
xxii and xxiii, 1827. 

X Owen on the Vertebrate Arclietyj)e, 8vo., 1848. On the Nature of Limbs 
8vo., 1849. * 

§ Owen on ParthenogeneKiM, 8vo, 1840. 
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have proved to belong to the low oi-gaiiized Marsupialia. The 
doubt, when it has existed, lies between this and the Insecti- 
vorous order, also low in the class according to cerebral 

Table of Geological Distribution of Mammals. 
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characters.* One example only, from Stonesfield oolite, the 
Stereognathus, may prove to be a minute Ungulate, as is indi- 
cated by the note of interrogation under PcHssodaciyla. The 
similar mark, under CetaceOy refers to the fossil, probably 
washed out of an Upi)er Oolitic bed, mentioned at p. 355. The 
Marsupialia recur, mider distinct generic foims, in the eocene 
strata, and, according to actual knowledge, presented their 
fullest development in post-pliocene times, more especially in 
Australia. The orders Bruta^ Pci'isHodactyla^ and Camivora^ 
have become reduced in numbers ; the Prohoscidia still more 
so ; the representatives of the singular group Toxodmitia have 
wholly disapi)earc(L 

The sum of the evidence which has been obtained seems 
to prove that the successive extinction of MicroksteSy Amphi- 
thcriay Spalacotheria, Triconodons, and other mesozoic forms 
of mammals, has been followed by the introduction of much 
more numerous, varied, and higher-organized fonns of the 
class, during the tertiar}*^ periods. 

• Owen, " On the ClaHRification and Geographical Distribution of the Mam- 
malia," 8vo, 1859. 
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It has been, however, objected that negative evidence can- 
not satisfactorily establish the proposition that the mammalian 
class is of late introduction, nor prevent the conjecture that it 
may have been as richly represented in primary and more 
ancient secondary as in tertiary times, could we but get re- 
mains of the terrestrial fauna of their successive continents.* 
To this objection it may be replied : in the paheozoic strata, 
which, from their extent and depth, indicate, in the earth's ex- 
istence as a seat of organic life, a period as prolonged as that 
which has followed their deposition, no trace of mammals has 
been observed. Were mammals peculiar to dry land, such 
negative evidence would weigh less in producing conviction of 
their non-existence during the Silurian and Devonian aeons, 
because the explored parts of such strata have been deposited 
from an ocean, and the chance of finding a terrestrial and air- 
breathing creature's remains in oceanic deposits is very remote. 
But in the present state of the warm-blooded, aiivbreathing, 
viviparous class, no genera and species are represented by 
such numerous and widely-dispersed individuals, as those of 
the order Cetacea, which, under the guise of fishes, dwell, and 
can only live, in the ocean. 

In all Cdacea the skeleton is w^ell ossified, and the vertebne 
are veiy numerous : the smallest Cetacean would be deemed 
large amongst land-mammals ; the largest sui-passes in bulk 
any creatures of which we have yet gained cognizance : the 
hugest ichthyosaur, iguanodon, megalosaur, mammotli, or 
megathere, is a dwarf in comparison with the modem wliale 
of a himdred feet in length. 

During the period in which we have proof that CetoAxa 
have existed, the e\ddence in the sliape of bones and teeth, 
which latter enduring characteristics in most of the species 
are peculiar for their great number in the same individual, 
must have been abundantly deposited at the bottom of the 

* Ljell, " Anniversary Address," Geol. Soc., 1851, pp. 51-57. 
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sea ; and as cachalots, grampuses, dolphins, and porpoises are 
seen gambolling in shoals in deep oceans, far from land, their 
remains will form the most characteristic evidences of verte- 
brate life in the strata now in course of formation at the 
bottom of such oceans. Accordingly, it consists with the 
known characteristics of the cetacean class to find the marine 
deposits which fell from seas tenanted, as now, w4th verte- 
brates of that high grade, containing the fossil evidences of 
the order in vast abundance. 

Tlie red crag of Suffolk and Essex contains petrified frag- 
ments of the skeletons and teeth of various Cetacea, in such 
quantities as to constitute a great part of that source of phos- 
phate of lime for which the red crag is worked for the manu- 
facture of artificial manure. The scanty and dubious evidence 
of Cetacea in secondary beds seems to indicate a similar period 
for their beginning as for the soft-scaled cycloid and ctenoid 
fishes which have superseded the ganoid orders of mesozoic 
times. 

We cannot doubt but that, had the genera Ichihi/osauruSy 
PliomuniSy or PlesiosauruSy been represented by species in the 
same ocean that was tempested by the Balaenodons, and Dio- 
plodons of the miocene age, the bones and teeth of those 
marine reptiles would have testified to their existence as 
abundantly as they do at a previous epoch in the earth's 
history. But no fossil relic of an enaliosaur has been foimd 
in tertiary strata, and no living enaliosaur has been detected in 
the present seas : and they are consequently held to be extinct. 

In like manner does such negative evidence testify to the 
non-existence of marine mammals in the liassic and oolitic 
times. In the marine deposits of those secondary or mesozoic 
epochs, the evidence of vertebrates governing the ocean, and 
preying on inferior marine species, is as abundant as that of 
their air-breathing successors in marine tertiary strata ; but 
in the one the fossils are exclusively of the cold-blooded rep- 
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tilian class ; in the other, of the warm-blooded luainnialian 
class. The Enaliosaitnoy Cdiosauria^ and Crocodilian played 
the same part and fulfilled similar offices in the seas from 
which the lias and oolites were precipitated, as the Delphinidce 
and Bcdccnidcc did in the tertiary, and still do in the present 
ocean. The unbiassed conclusion from both negative and 
positive evidence in this matter is, that the Ceiacea succeeded 
and superseded the Enaliosauria. To the mind that will not 
accept such conclusion, the stratified oolitic rocks must cease 
to be trustworthy records of the condition of life on the earth 
at that period. 

So far, however, as any general conclusion can be deduced 
from the large sum of evidence above referred to, and con- 
trasted, it is against the doctrine of the Uniformitarian. 
Organic remains, traced from their earliest known graves, are 
succeeded, one series by another, to the present period, and 
never re-appear when once lost sight of in the ascending 
search. As well might w^e expect a living Ichthyosaur in the 
Pacific, as a fossil whale in the Lias : the rule governs as 
strongly in the retrospect as the prospect And not only as 
respects the VerUhratOy but the sum of the animal species at 
each successive geological period has been distinct and pecu- 
liar to such period. 

Not that the extinction of such forms or species was sudden 
or simultaneous : the evidences so interpreted have been but 
local : over the wider field of life at any given epoch, the 
change has been gradual ; and, as it would seem, obedient to 
some general, continuously operative, but as yet dimly dis- 
cerned law. In legard to animal life, and its assigned work 
on this planet, there has, however, plainly been " an ascent 
and progi*ess in the main.*^ 

Although the mammalia, in regard to the plenary develop- 
ment of the characteristic orders, belong to the Tertiary division 
of geological time, just as ''Echini are most common in the 
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superior strata, Ammonites in those beneath, and Producti with 
numerous Encrini in the lowest"* of the secondary strata ; 
yet the beginnings of the class manifest themselves in the 
formations of the earUer division of geological time. 

We are not entitled to infer from the Lv/dna of the per- 
mian, and the Opis of the trias, that the Lamellibranchiate 
MoUusks existed in the same rich variety of development at 
those periods as during the tertiary and present times ; and no 
prepossession can close the eyes to the fact that the Lamelli- 
branchiate have superseded the Palliobranchiate bivalves. 

On negative evidence, Orthisina^ Theca, Producta, or Spirifer 
are believed not to exist in the present seas : on negative evi- 
dence the existing genera of siphonated bivalves and univalves 
are deemed to have been very rare in permian, triassic, or 
oolitic times. To suspect that they may have then abundantly 
existed, but have hitherto escaped observation, because certain 
Lamellibranchs with an open mantle, and some holostomatous 
and asiphonate Gastropods, have left their remains in secon- 
dary strata, is not more reasonable, than to conclude that the 
proportion of mammalian life may have been as great in 
secondary as in tertiary strata, because a few small forms of 
the lowest orders have made their appearance in triassic and 
oolitic beds. 

The proportion of the known forms of extinct life may be 
very small compared with that which remains for future 
discovery ; but the sum of what is known yields the legiti- 
mate deduction, that there has been a succession of species 
illustrating in the main the progressive perfection of the 
nervous system, and the concomitant predominance of mind 
over matter. 

It turning from a retrospect into past time to the prospect 
of that to come, we may speculate on the future course of 
vital phenomena on this planet, tbe guide-post of Paleeontology 
* A genemlizatipi* of WiWiam Smith' h. 
2 Q 
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would seem to point to a period when the earth may become 
the abode of a higher race of intelligences. But here we 
enter the wilderness of conjecture, where, in trying to advance, 
we are soon " in wandering mazes lost" 

The more willingly, therefore, I return to the surer deduc- 
tions from the phenomena we have had under review. 

In the survey which has been taken of the various 
forms of life that have passed away — of their genesis, suc- 
cession, geological position, and geographical distribution — 
if the adaptation has been shewn of each structure to 
the exigencies, habits, and well-being of the species, it has 
exemplified the beneficence and intelligence of the Creative 
Power. 

If, in all the striking changes of form and proportion which 
have passed under review, we could discern only the results 
of minor modifications of a few essential elements, we must 
be the more strikingly impressed with the unity of that Cause, 
•and with the wisdom and power which could produce so much 
variety, and at the same time such perfect adaptations and 
endowments, out of means so simple. For, in what have those 
contrasted limbs, hoofs, paws, fins, and wings, so variously 
formed to obey the behests of volition in denizens of different 
elements, dilfered from the mechanical instruments which we 
ourselves plan with foresight and calculation for analogous 
uses, save in their greater complexity, in their perfection, and 
in the unity and simplicity of the elements which are modified 
to constitute these seveiul locomotive oi-gans ! 

Everywhere in organic nature we see the means not only 
subservient to an end, but that end accomplished by the best 
means. Hence we are compelled to regard the Great Cause 
of all, not hke certain philosophic ancients, as a uniform and 
quiescent mind, as an all-pervading anima nmndiy but as an 
active and anticipathig intelligence. 

J^y applying the laws of comparative anatomy to tlie relics 
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Eiidt*a (jtrop name), 8. 
Eugeuiat rinus (Eugenia lUy\ 34, .37, 
Eugiiatlma(KvW-jat«jtfX 163. 
Euliiua (prop. ?mm«), 93. 
Euoinphalus (tvell navel), 80. 
Eui)atagua (v'tll clashed), 40. 
Eur>H(»tu3 (&roa<i back), 168. 
Euiy litems (^ro<u/^»), 47. 
ExogjTa (out whirl), 66. 

Fascicularia (little bundU), 81. 
Favositfs (honey-comJb stone), 27. 
Favositidw, ib., 27. 
Felis (cat), 412, 420. 
Fenestrella (little-tpindow), 22, SO. 
Feriis.siim (proj). name), 90, 94. 
Flrolidii' (prop, name), 81, 83. 
Fi.^tiilarulHi (;>i;«^ [Jish] kind), 122, 
Flabellina (little fan), 7, 14. 
Flahf Hum (/an), 28. 
Fhi.stra (prop, name), 31, 
F()ramiiiifera(/'MWo/Aoic«), 10. 
Fungida- (mushroom [lx)Zype«}), 27. 
FiLsulina (little spindle), 7, 14, 
Fu»U8 (spindle), 90, 91. 

Oadus, 173. 

Gaillonella (prop, name), 10. 
Galeeynus (loeowZ f&>j7), 412. 
Oalcoctrdo (veasel-fta [shark\), 132. 
Galerit<"8 (jtfo«« cap), 37. 
Galcsaiinifl (ireasel-ligard), 267. 
GalcuB (ieeasel [shark}), 132 
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Unnocoi>liala(MA/>i}/ honi), 9\i. 

0*iiol*i*'l ifh njf [iftjirjO, n». 
On»tJP^rMit^MB.(Mtif4mtiijf\ 122. 
OaMtnnilK (iUiMtnff't &i>if j^ 3*Js 
I JjtN(miN, (i^mid lMktii}i 77. 

l;lAJ$it^1Jl'tl:l•nJif^if//j/ tj*t}f)f 7s. 

0*(itPii thl« ihf utf *jn ii{% 1 1. 
G<?rTllllii (pTttjK tutmf\ &X 

iJit^H iTtiiji!;iiii(N>^yR5tn*rMr^w;)), 4l». 

« ; l,"* UH H ] 1 .1 { littU actfrn X IH- 

tM I tbijjr ri n n {ffMfUlr bet4 rtfX * ^ 
(i].»niiliiM(;if^/f ff/o/r), *»2, 

GNiiiiMNluJ) (fii'nijfi'c f^Mi^A)f 131. 
Ci [yyilii^fl (trHiptUft'y, 49. 
(TlypliithirrPUft (^*ntlpturfd hinc/r), r>0 
CflyiitJOiis (ar«rprtirvf0, 3^ 
0l>7itix^rlDMS {neutptitttfl Ul^)^ ^i 
Glyi>t4ili'|if» (mulptHTfil mviii), lA.^. 

lT4kliiojTlirkI[h (Vrrt^lnir MTolf)^ 30.1. 

(JntlluturM {it^drt§\ 35». 
iltTimruvain^j^r'^i. >mm<), (VT, 78. 
ftnipliulaHn (Tfr//i« if-HthittX 23. 

flraptolitiw f*/miff N-n'n'n^1, 21. 
Gnitt? I ■>' ^ r^i ?k { ^'^i'*"! .I ^ " ' "" -' K 77. 
Grvislitwi. '^-f ''■'► '■'* 

Oymiuiiiitu!* (iUtIf Hwg)* 124. 
Oyrlniifl rinif horn\ &l, 
Gyn>.<*TajA(rfn.ff OTM?X 1*^1* 
G>T"iiniflti» {nntf b^m)^ 34 

IJ«MATna*TA.f^^^ hh>f>(l). 21H. 
HnliVMi . JK32S. 

HfllVMr. , ;, 

Huiiiif' :. 106. 

IT..| 1 M Ml 'ii]rt(#*ifl/j#ji|Mrif), 123 

( i 1 T 1 ' "i i H n ( I CUTWI Wt)t ^il 

tI^']k+■nl«{ir*l!^ Aftpn), 114. 
|J4«kir^n<'<'TiH (tariff hof^y, lOrt. 
Ht1iei>^(leii (tvUi i{ke\ t 
Ht'ltrostfg* (f w'^ adwt), 12. 
Bi?Uc>etdiirlii (M pwft), 3i». 
H«]Jo1i^ (ana MOM>, ^ 

ni!lj>I.hc.nw (dmh &«fw), 51. 

lit iiM'p.hir^icIfa (ftti ifev4ff»7»X -''1 

Hemicidtrls (kalf-crmniy, 89. 



Ili'iituliadlenia {hulf-crourn), :i9. 
lli'm^ml^Hi■^ (A*i^^tftif^eT), 3i», 4(». 
Htf mi pn Mt i ?f {/i ' f ^/ *j **), 1 K± 
nfU'ny&i^m\Hv*id taii Jt^\), \40. 

llvtvttmteim{mM bimf\ 
l4,']LiipR>todna (*( /run tffth), MM. 
Hlinftnkijitoni.t (ttifijint 47 

TlJip]iA]iiijiia (Aornr ^ol^ H, 
HipifcfirioiJ (/r«^f A^.fwJ, SU«, 
mpfiocrieiin ^>rrfjn. ndiwf), J^S, 
llipjH>hyiiH {hfirtf ht^X 401 
E]fpjio]MjtAtiiUh (Anr*p f Tryrlj ,'IW 

|]!p]iudU'jj (hortt tftiJ), "i, 74. 
HiltimviUila (hffrm-fftil likf), .. 

KlAtitj|i))onj^ (mii bmrtt} 72. 

tloleftjpus (wftrt/j!- W /f/^*inX 4ft 
HoloiT|i!yili (ir,ho^ hm^hl i:C 
nolof'yiliM {j<-ft(^(r ?«ir^, 27. 
Biijnpdltl irfuJ^ fkin). 02. 
Hoki.|4yiliSfU!. ^A 
'KtAtn'i'yrWniy, {irhuif fuffl), l'.«V 
HmI*'^!' !L30tJ4 (i<'h'4f Hifmth}, 01. 
nuIatlmrioiJea (pf»rp, ntiNif)^ 41. 
H nniAt'jin Un » (jfipi ir}*{$ir\ 1 2S, 1 24 
H*.iiii"«^rpal iftfuUfii ytfthp, 140. 

HopIopjEiLA {w*fffjj*>Fi ni'mpK Irts. 
HrirT>em(jm'p, ii"iiw), 31. 

HiimTiU tymjt. nam*), 101. 
1 1 y JPll pi < ;* rf «ji, pn m ^ J, lift 
Hyi(-iYiirtdini (Mrcrt^i tnrjifc), 372. 
HyuUift (cqfstiii}^ 7% 
iPlyalnDelilfi (rryn^^nf ^Atwr^fl 23. 
HylM^^Klii]) {lAitmjf too/^A), Iti 

llyrlrtipbflidlP (tniiVr fffrerw), .Vi. 
Tlydnnnjo* (jf^n'/'T' vtwimfiUX ^ 
tlyliPfMiaciri:!* (w-flmj ^if(fft/X Vft 
HytLli''ni''M*iiris (wn/wi/wTn nun *Ar/»«/»), 47. 
n5"opf'lAitius fAfltf rft*fX *W. 
tlyntrtx {pinvwpinfX 4'n, 4?2. 

jAinnJl (rf*>P- nflwwi 68. 

Utjtbfna (HrM), i*± 

leh nnlogy (/"* |^J/Ht^ ( forr), 176. 

lflitiiy"pteryglft<.M fin*\ HH. 

IHith>*>lonilJt«* (JUA *pl«i'*), 122. 

lobthyofcimriii (Jli* l**»rT*X ?20. 

MiUdtieJi ( pmp, na w), Si . 

Igiiiinip^oii (fffitttiui IrwthX 203. 

llliftnus (f/'ofc oAowf). 4«. 

lo^isiMial Lirnestrfin*^ 51 

InfUiWi'riA i*^ fl '"wi" ?f w'« f/ f «/mj»»o»m), 1 5. 

InncefWnn* (jfftrwwj fAr'J*, 8, 68, «». 

IllVPrttbrftta t,M 60**: fjnmrr/)^ IS. 
Jonannotia(/»ro;). namfX 78. 
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lHchlcHlus(«fr<.Hi/ tooth), 13tJ. 
1 h'm (iHlsina), (}>ri^'. mtfut), 2:i. 
I soarca (equal ark), 09. 
1 Hocanlia (ffpial heurtX 75, 78. 

I wkIuh (etpinl tooth), 168. 

iHoiHxln (aiunl foot), 4i>. 

KK1.IJA (im>iK name), 75. 
Koroinya {hortt-vivssel), 78. 
Koiiiuckia 0'«>2>. wame), 0(). 

IjABYRIntiiodontia (labyHiith teeth), 2vHS- 
LAcertilia (/icarri tribe), 300. 
lAccophilus (jtit loi'er), 51. 
LAgena 0>n);p. luime), 13. 
LAgoinys (/tore weww), 422. 
LAgostomus (hnre month), 422. 
laniellibrantrluata (plate gill), 02. 
J^nina (prop, name), 133. 
l«cda (j>r(>j). /tanu'), 71. 
iMiRvanthuH (smixUh ifpine), 125. 
L«eio<l(»n {.wi'Mth tooth), 312. 
IxMosloma (ifirtooth month), JH). 
Lenita (;*ro;». ""»w), 40. 
Loi»M<litljf (Umjtct-Ukr), 45. 
Lei>enlitia (prop, name), 40. 
Lei)i(la«tt'r (.w'/e star), 37. 
lA'jmlogaiioitlea (^ti/*" splemUair), 152. 
Lc'i»i«lusiren (.wi/i/ i/rew), 218. 
Ijt*l>ido8teu8 (.xralc Ijoiiy), 163. 
Lepidotus (ifcatfd), 1«»7. 
lyt>l)orid»u (harc-trih), 421. 
U'i»racaiithu8 (».>M(;/i .•j^^j/w), 124. 
l.^pUcanthu8 (s/eu*/^ spiiie), 124 
LeptRiia (.s/€w</€r «/if/0. '>^- 
I^eptocUeles (jt/e/i'/^r ;»J>wer), 47. 
L«*l»tole|>is (Alemkr scale), 107. 
Lc'pt<)i»leuit)U (ilctukr rib), 267, 2S4. 
LA*i>toteutliis (slender */«mO, HI. 
Lit'tia (/'rf)7». name), 'Xi. 
Lvuiiii (pnrp. nonie),A(K 
LibcUula ((iiwi. of prop, name), :*'.i. 
Lima (jUe), 68. 
Liiimeina (little slu^f), H(). 
Liimca (file), i»8, 
I.imanoiiiia (/f/*; outlaw), 67. 
Linnm'a 0>irtr«A sm«jO, ^4- 
Liiiinius (»/w»r«A|/), 51. 
Liinulus (mtmeirhai an'ry), 47. 
Lingula (/i«/«: fomjur), 61. 
Litliaraa («/&»«: lt<lly), 28. 
Lith<«'.anUutn (xroue cocA70. "•* 
Lithcxlendron (stone tree), 26. 
Llthoniis ($tone bird), 328. 
Lithostnition (»tone wvertr), 20. 
Litorliiida' (s/iorc shells), 92. 
Lituites (»fo>w *:/«://), 100. 
hitiVi^hi (little stone shell), 7, 14. 
Loligosepia (a/piid cnttle), 91. 
lx>i»hiodcm (crest tooth), 357, 364, 37:.. 
Lorioula (little snail), 45, 50. 
Loxonenia (wry threoil), 91. 
Lucina (prop, name), 447. 
LucinidjK, 75, 77. 
Lucinopsis (like Ivciito), 77. 



Lnidia (;»rfy). name), sa 
Lunulitea (little nuH>n gUmt), 31. 
Lturaria (miul dweUer), 77 
Lyrodesma (l^re hifii^e), 67, 71. 
LyaoiKimata (looite valve), 61. 

Macacus (monJtey), s<H. 
MaeellcKlon («;>o/fe too/.V>, 808. 
: Machairodua (mbre tooth), 41 8. 

Maclurea (jyrop. nnme), 80. 
I Macrauchenia (lom; neeJi), 428. 
j Macrocheiliw (long Up), 87, 91. 
I Macrodon (loHff toothy 70. 

Macn)i.etaliehthy8 (long Ua/JUh), liO. 
' Macropoma (long lUf), 166. 
' MacropusCto»t^/oo<>, 429. 
I Matropthalma (Z<m^ «ye>. 50. 

Macrospondylufl C/rm^^ rertefrmX »00. 
Macrotherium (/on^ 6ra«0. S79 
Mactra (trough), 77. 
I Malaeopteri(«>/r^iuX 173. 
M ala(;o«traca (»o/t nheU), 49 
MiUIotiis (-jrooZ/y), 174. 
J Maiiinialia (mcklrrs or teni-bearer»), 332. 

' Gooloifical distribution of 4*>3 *^ 

Maininilloponi (teat jtore), 8. 
I MnnlH (i>rop. name), 424. 

Manon (prop, name), 7. 
' Margimila (little bonier), 17. 
Marsii piles (atone purge^ 32, 33. 
Marte8ia (proji. name), 78. 
Ma«808pondylu8 (lottger vertelnn), 300 
Mastigi>phora (scnyrge bearer). Hi 
Mastothm (teat tooth), 885, 
Ma8t<Hkm8auni8 (teni tooth li^artl) 215 
Megaceros (prco/ horn), 405. * " 

MogacliiniH (great hand), 49. 
Megalidithys d^rwU/**), i«2. 
Megalodon (great tooth), 72, 75. 
Mi'galoinastoina (great mouth), 94 
Megalosaurua (great liznrtl), 286. 
M»'galuni8 (great tail), laa 
.Megaspira (great spire), 94. 
Megatherium (great bewt), 84, 435 
Melania (blackness), 92. 
Me.lanopsis (like melania), 92, 
Mellita ( prop, nanu), 40. 
Mcloerimia (a})p/« lily), S3. 
MelohintUa (codto^c^lfer), 6. 
Menopoma (lasting lid), 208. 
Mcrlinus (;>roj). ii<im«), 173* 
Merj'cotlicrium (nmouittt heastl. 45a 
MescMlesma (miV/^itij/e), 77. ^ 

Mesopithecus (mid o)«X 883. 
Me.sostyluB (mid style), 5i. 
Meto]>ia8(?ar{7e /ron/^fX 207 216 
Meyeria .j>rop. »iaJH<), 49. 
Michelinia (lyrop. name), 27. 
Micrabacia (little plateX 27. 
Mieraster (little star), 40. 
Microconchus (?iW/« shell), 44 
Microleates (ZtW« roW>erX 338 
MicTotherium (little bea«t) 371 
MillericrinuB (mf/fer's Ji/ J) 04^* 
Millep«rid«(«*ow«in.f^*^25^27 3^ 
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Mitra (mUre [shdlY^ W. 
M(Mli<.la {hmckei [**<•//]), 70. 
MmliolopHiH (like ^nodto^Mtf), 70. 
Molluiii'a (nutllwki [«q/K fniivytU]), 53. 
Monoilarna (single bite), 74. 
Monopleura (single rUt), 78. 
Miniostega (single cofvr), 1*2, 13. 
Muiiotis (single ear\ 69. 
Moutlivaltia {pwp. naine), 27. 
MopHca, /6., 23. 
Murrhua, (cod-JUhX 173. 
MosaMAiirui* (mtuse li»tnl), 311. 
Muntjae (;>n>j). name), 404. 
MurchiMonia (proj). name), 03. 

Mya (natae of shell-fish), 77. 
Myacida* (»«j/rt f rifteX <W. 
Myacit«^M (mya i^one), 78. 
Myaliiia (/i(f/« myu), 07, 70. 
Myliotmtert (wu7/ ray), 134. 
Mylmlun (»n7^ /<N>fA), 425. 
Myoeoniha (mya-shfll), 77. 
MyoiMira (myti imtdncing), 71. 
Myophoria (wya bearing), 6l», 71. 
MyoxuH (r{9nfum«f), 421. 
Myri&po*\a (thoMsaml feetX •'»2. 
MyHtrioHauruH («ma//-«}XM>n lignrti), 300. 
Mytilida: (mussi'l tribe), 70. 
•Mytiliis (m»i«!«0, 70. 

NARCODEa(Z»enHMter), 123. 
Natica (little brerch), 87. 
Natiniii^, 01. 

Natieoi>si8 (mUim-likeX 91. 
Naiilas (freight), 123. 
Nautilidw, !H». 

NautiluH (Mti/or «AW/X 0*^ 00, 110. 
NautiloceraH (sailor horn), 00. 
Navirula (little skiff), 16. 
NenTa(i>n>p. name), 77. 
Nt'balia, //»., 47. 
Neithca, ib., 60. 

Noiuafnijthii8(fAm«i*;>r>if), 124, 12'». 
Neiia<lni (pnip. name), 51. 
Ncptuuia (pn/p. iuiw«X W. 
Xereitca 0>ni/>. name), 43. 
Nerin«?a (i»ny;). #wi»w), 92. 
Xeriti (prop, nanu), 87. 
NeritiilMi, 03. 
Neritimia (nerita cut), 03. 
N(>ritopi}iH (nerita-likr), 03. 
Nentor (;>roj>, name,, 436. 
NiMlosariA (m//« knottetl), 13. 
Nota{j(ognji (6«cJl- Itearrr), 167. 
XotIi(»saura8 (bastard lizanl), 220. 
Ndthosoinutf (ftdwtani fitoKfA), 1C7. 
N'rtthlaniLs (Imckforw), 131. 
Notoi>ocor>'«t«?8 (Mdt arwi^dX M. 
Notomis (sa^ttkern bird), 3:^1. 
N«)t<»theriiiin (southern beast), 431. 
Niu'leobrancliiata (irrrrie/ gilletl), h\. 
SwrlLHtUtvn (kern f I stf^ne), 40. 
Suriilti (little nut), 7<». 
Nm-unolla (/»7f/r nuiulu), 71. 
Nuiiimulites (coiM «/v}i«'), 7. l;t, 14, 



Ob(>i.i;8 (small coin), 62. 
Oet<)p<Mla(r{9^(/rr/X 107. 
Oriiliiia (small eye), 28. 
(Montaoaiitlius (foo/A spine), I'J-t. 
OdontoMpitt (/oo<A sAtVMX 1<*)*-!- 
0«lonto*auru8 (/^»orA lizanl), 216. 
Oldham ia (prt>}). /uifitf), 22, 23. 
01igo]>lcurus (few ribs), 168. 
OHva («)/fr« [jA*-//]), 00. 
OinmaMtreplieB (rye turn). 111. 
Oiithns (/looVX HO, 123. 
Oncliooeras (^«j<»A- horn), 100. 
OiiychoUmthis (c/o»r sipiid). 111. 
OpercuHna (/«m« //cO, 14. 
Ophidia (serjHnts), 312. 
Uphiocoiim (*H<iilf hair), 37. 
Ophi(Klerma (•««** *itiH), 38. 
Ophiop8iH (snake asjtrct), 167. 
Ophiura (snake tail), 38. 
Ophiurella (little tail), 38. 
OphiuridjK, i7)., 37. 
Ol»is 0*'^^'- nowrX 76, 447. 
()pi8thoca:lia(rnir hi>llotn), 30«. 
OracautliUM (hillock sjiine), 124. 
Orbitoides (or6 like), 7, 14. 
Orbitolitei* (or6 stone), 18, 14. 
Oreost«T (fciZtocJt star), S6. 
OnilthivhniteH (binl foot-prints), 325, 331. 
OrtMlus (hillock tooth), 31. 
On)giiathuH(At7/orA;airX 168. 
Ortha<.'anthu8 (straight spine), 124. 
Orthida*, 58. 

OrthiH (straight shell). 68, «W. 
OrthUiiiH (/«/</« or/Ai>X bS. 
OrtluH'VTOA (straight horn), 100. 
OilhonotuH (st might ba£k), 70. 
Orthoplilebia (strtiight rein), 51. 
< )stcoloi>iH (bone scale), 153. 
Ostcoplnx (boHf plate), 168. 
Ostracrnla (*Ar/f c/«</X ■*<*. ^7. 
0Htreidac((>y»/rr/n7/fX 66. 
Otozoiim (ear animal), 100. 
OudeuiMloii (no teeth), 261. 
Ovibos (»A<-fj» ex), 437. 
Ox-ulites (little egg-stone), 7, 14. 
Oxyg>TUH (sharp turn), 82. 

PACHYCORMU8 (thick trunk), 163. 
racliydesina (thick hinge), 72. 
Piu'hyjoTu (/A/dl- twist), 27. 
PacliyriHiiiu (/A/cfc frfoO, 75. 
Pala-aster (old star), 37. 
Pahw-hinus (oZ</ urvhin), 38. 
PalaK>craiigon (o/«i shrimp), 40. 
PalRMKrycluK (*>/'! cin/rX 27. 
Pala«cyon (old dog), 3,'»6. 
Pula><>di8CUK (old plate), 38. 
Pala>oni8cidte, 160. 

PalwoniacUH (old sand hojtper), 160, 101. 
Pal^^»ph^>^^«>H («'*' '<w'>« ^20. 
PalirophyH (old serpent), 313. 
Paliuopyp<» O'ld rump), 182. 
PaljroMunis (o7rf lisartl), 276. 
PaljroRiM»ti>iia ("''' *i»OM|WX 7. 
P»laoUuthi« (<»i<i «9w«dX ^ 
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I'alaotlu'riuin (old tKost), 305, 370. | 

ralaptcrjx (old winfjlefs bird), 331. 

Puh'iTX (old scrtKiit), 313. 

Paludiiui (marsh *mij7), 9'2. \ 

Pami»hiipfns((tZi «•(»/<• r), 10. ' 

raiuioni (proft. nonif), 78. 

Puiu>p»-a, ib., 77, 78. . 

Pam-siuilia (mm knife)^ 27, 28. 

Pan'xus (n nival), 123. 

PaNw»h)«lt>n C;)*"!; U>(>th), 138. 

Patella (limjM't), 83, 94. 

Patvllitlif, i«3. I 

Peccan 0>ri';». mi mi), 375. I 

Pecleii (i-omb shdl), &X | 

Pectinichi', tW. I 

Pcrtuiu-ulUH (/if//€ ojw^ shell), 71. i 

Pi-laj^osjinrus (sm lizard), 3(K). ' 

PelonKHauru.H (tjnnt lizard), 301. ' 

Pi*nnatiili«la' (*v» /w/i /r/6e), 23. 

Pontacriniis (/irf: ///»/), 32, 33. I 

Yv.uiixmK'YWH (fiv< }Kirtitp), 57. | 

Peiitremitfs (fi.r* onnd), 33. 

PerisrluKloiims (anrrovndinij funti<€), 38. 

Penia (nnk sitonyr), Ol>. 

PetaIodus(/r»/rwr/.). 130. 

Petrirola {rock dtrfllii), 77. 

Pftmtlu.s (/fxA f'^/M), 130. 

Potn.>spougiaUaj (nvk sponges), 12. 

Pezo[»hai>s ;/wf dove), 332. 

Pha(o|>.s (/r/w ey*-), 49. 

Phji.s<'ol<iinys (jtourh moust), 431 

Pha.sc.^lotlM'riuni (ixnich Ua.st), 341. 

PluL'iiicontorus (hariiKj /■<«/ n'iiujs), 32l». 

Pholailoiuya (phoUts nxusscl), 77, 78. 

Phola.s (nru'e hiding), 78. 

Pholidophorus (.<«CM/f hearer), 166. 

Phraginoci'rns (;>rtrfiM'o»i ftora), 100. 

Phrj'gjinca (^rZ/y or mddi^ fly), 53. 

Phrjts""** >Ji»', •'>y- 

PliyU(Mlus (leaf totjth), 174. 

Phyll«)lciU8(/^a/;«ca/f), 155, 108. 

Pliyllo|K)(la (lea/MH), 40. 

Phyllo|Hjra(^(r/j.orc), 31. 

Physa (bUulder), 94. 

Pliy.scmenms (|>?/iffM/c thread), 124. 

PiU-olus (/i7///- ai/»), 93. 

PiinehHlu.s (/u/^/), 150. I 

Pinna (heard -sh4.il), 70. 

Pis«vsO/./-.s), 119. I 

l'is(Mlu.s(j[>f/». tooth), 174. , 

Pist«>saurus (tnu lizard), 232, 2.»4. | 

Pla«.-i»lu.s (plnte tooth), 23«5. j 

Plao<);;an«>i«lei (i>late .<hirn .<cm/»), 139. | 

Plar.>i(l«'i (plate ninh), 119. 

iMaruna (rake), <»7. 

PlacunoitsiH (mke <i<<i>ect), 07. 

Plaj^ianlax (i/hint grotm), 353, 432 

Plagi<»st<nna (Mant mouth), O3. 

Plagiostoiiii, /ft., 119, 122. 

Planorbi.s (flat round), K\, 94. | 

piatoniyK (ftai tortoitie), 3l!«. | 

Platyai'anthns (/(»^ <fy^i/U'), 124. | 

Platycrinns (flat lihj), •^-. 

PlatyiMKlin (flat foot), 50. 

Platy.Honius(/o/ /kW//). h'.4. 



Ple«iu8auru8 (/jmr to litard), 243. 
PIe8U>teiithi8 (nmr to «9«m/;. 111. 
Plectnxlus (spur tooth), 120. 
Plectn>Iei»iK (spurscait), 162. 
Pleuracauthus (ri66«/ spineX 123. 
Pleuraster (riW»f</ *^ar), 88. 
Pleuronectfihr, I7S. 
Plcuroplionw (rib bearer), 67, 75. 
Pleurostenum (rib breast bone), 317. 
Pleun>tomaria (rib */ia), 93. 
Plicatilia (plaUed), 17. 
Pllcatula (liUle plaits), 68. 
Plioloplius (nearer to ridfft), 358. 
Pliojiitliei'us (rutartr to ape), 382. 
PliojMiurua (nearer to lizard), 252. 
P<)d«xlu8 (foot tooth), 168. 
PtBcilopleurou (mried rib), 300. 
Pitiilopod (diverse foot), 47. 
PoUicij^es (thumb/oot), 45. 
P<dy cvstinea! (tiMiny of/ledX 4, 11, 14. 
Polyyastria (many stomached), 15. 
P«>lyi»i (tmny/eet), 20. 
PolyiM)tbeola(»aaMy/e«*«fc«a/A), 8. 
Polytreniaria (?/tany holed), 93. 
rolyptyehodon (maw.v groocvd foolAX 255. 
Polj-thalamia, (many chambered) 12. 
Purauibonites (pore protniKence), 57 
Poroellia (/t«/* pig), 82. 
Ponnnya (pore ntuixe/), 77. 
Pc>8i<l«>noiuya (Neptmie mussel), 46. 68. 
Potaniides (fluriatile shell-like), 92*. 
Putcrioccras (nip-horn), 100. 
Poteriocrinus (e»/j) /t7y), 33, S4. 
Piionus (sair), 51. 
Pristis (sitir-fish), 136. 
Procoelia (/ron/ hollotc), 304. 
PrcKluota (</roir/i oii<X 69, 60. 
Pn>i>toru8 (front wing), l«J7. 
ProHOiKiniscuH (person shrimj^X 49 
Prota.ster (first star), 37. 
Pn)teniy8 (first tnrtoiseX 317. 
Protklinites Of rst/ooofpriiOs), 47 1^3 
Pwto (prop. >ui ffic), S>2. » » . 

PrDtopithecus (first ajteX 428. 
Protomia (first binlX 328. 
Protorosanni-s (./irsf drscrilte<i lizarti'i '>sn 
Protovirgulaiia (./fr«f little rod), 2'* 43 " 
Pn>t»»zoa (firat living things), 4J J*** 
Psiunniosteus (sand fnnr), itjg 
P.srnducrinus (false lHy), 33. 
Psendoliva (false olire), 90. 
PsittatOilns (jtarrot tooth), 13^ 
PhoIuh (priajtol sea-worm), 41. 
Pterasi>is (»//»(/ shield), I44 
I»t«;rit;hthy8 (iriHj; /ij«ft), l4l" |^^ 
Pttrinea (winged), 68. 
PtiMtHreni (muhj; Aorw), 88. 
Ptei-ocoma (tring hair), 34. 
IHtTodartyhis (wing finger) 274 
Ptfn)dont^i (i''iH<? ft»o/A), 95' *** 
I»t<'rt»iHinia (wing sMl)^ ^9. 
Pt e w] KKla ( w i ng foot), 70, 
Ptor(.»sauria (wi}\/g lizar<l\ 270 
I*t<'i-<jthooa (»/-jn(7 «A.raM), hi. 
Ptcrygotns (wing ear), 47. 
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Ptlloaictya (fmthcr Hft), 22, 30. 
Pti\i^K^m(/^'*'■ 22,30. 

PtyrltfM tTas ( ■ lOiJ, 

l*t>«hHjiluji f/i. . ;- .,^, i. . 12», 130. 
I*t3fi'lii>|m«t!ujji (fidti jait?}, ib7, 
Piiliiipniri^ru (lvif{f htttrtrt), tM. 
t^uhiiiit^^ji (tti^A ioji «foHc), 69. 

rijrimni(ji«riiif#t*^q]^ 88. 
PurpuriiuiOiUff^rpkX ^ 
Fyi^iiiH]r>]it«fl (ittfi^^Affl IriKv^, lti3. 

I^giKepluikmi (runi|7 Aaod), 49. 
Fyfgoittf;ms(ntmji^h}, 16», IW. 
PTtxmlilellA (fittk p^taul), 91. 

Prrfiiri (7iff/*' jM^irX *0. 
I'yii t. iTM'[jiii (_rtnr ihffmt)^ 23. 
I'yttiiiiJ' (j'TMj^, fHiJi«X ^^ 

Hadia a (mj^prf iiitf Hi/r^«)^ 20. 
iCluliulfUv (mjffd tto$i£% 73. 
n«im f my), 130, 

flAiii|i!i4jrlivni4iQ!i {haUt bUlX 273. 

Hniilt^etHi (froff htadX $06. 
RatiMoiaanut (aiifl limr^ 311. 
ftai>tiJat4iDjiL Caitfl iMmlAX 92. 
Iliit»tor«s (Hrds nfpnifyf fSa, 

}iniilriii%(hiimnuir$toneX 21. 

lii^ptHi , . ' I. 193. 

— « di«tributhm tif, 821. 

ll'*H|nv i nanifX "2. 

lietzia, <7>., 58. 

KeuKMia, ih., 50. 

liiiLii i .,i. .1 i-srii in i^ftM croicn), 38. 

B]ilDn(>iJi' myX l^, t3S. 
KhiiiiiLt'ms n^m A«rfiX 5A5. 
iUtlaotlon (Atm te^X 1& 

RJwjniln*|jhoUftCrAfiW^ tcuit}, 214, 304. 
IUii]iii]biiij(rr'i^«>ri, I7;L 
BhjTii'TiOlltjjS \h^ik slifne), 98. 
RU^ncluiiirlk (//fr;# fi*a). .'ii;, .•>7. 
llhjTifbirH*aiiftiwf^»mA' if^^f^j, 2tl3. 
Rhyni-hotriitliis (Ittak »juUIX 98. 
Hiiliolla (litth ch ink), 88. 
Kiiiiula. ih , ^w 
Biupculi* (fiitU ^K*X iWS. 
RlMOtt (/^npjj. iwxiwr), TL 
fi9t|f|iH« (pvov^f lf««^ 420. 

niuniimnhm (ni4 ^Jkru^rnX 40] . 
Hytiiia (<lra*jgfil aloHtj), 37. 



Saleuia (arb. name), 39. 
HittHiiArmts {jf^A t^v/rr «A*fjrj, 69. 
t^Siiu i-ic.ht hy-i* J 1 F ' f y I : J f r. ) a •:h Irii^)^ 162. 
i:fei urtf htby s, h; .' /,-■ r , v f j«,i A j, ] f,-*, 

Hwiiitjptt'rj'gift {tiztirtljiriiffff), 209. 

SauroAUmitiff (/£farxf A^milA), 1G3. 
S&id^YH (nodt fto-ferX T«. 
t3i!AlarU(irfii/j!j:iiig«t(l|>), 92. 

Seaufioreii (cfrnib^nt^ bkiU^ 328. 
^C4pbit«t» (kni^ f/OMcX ^)>^ 
9c«[i1iirhyTi£jiqjs(fj£Kiir4i«iil), 151. 
8L'«ltilo«Atitiiii<l^ifi funn'X '•''^> ''*'<^- 
Bct^Udotbi^iui] (Jfiii^ iMjMl), 427. 
nehlmMbpr(MlU«tafi, 40. 
t$ciiinjft(ir;iifrri^), 4S1 
ScoLtoffU)iD& (i^^rv wfitiMX 93. 
St^mb^mida (uwfcdlfrrf Mfei*), 172. 
SctiiethkHiaU shieidX S7| 40. 
Si'UtcltiiiA {iUth thittdht}, 4D, 
tk*yi.hk<iJl^;fK7 
^'jiuotiutusfjTi^iui^ ^jftfJlX I*' 
BeiJiiiiphiin'ti!* <^^(j^Mn^ bmrtr}, 170. 
BeiiiiiM]aLlir4:iis (jr/i/ir <f|M!X 384. 

Esp\A{ftiuifn^h}, i(m, ny. 

8#pi!uJ<r., H>VI, 110, 
BtiitU^mipnUiliQjt bearer), 70. 
^mpba { prup. Home), 88. 

yilnrMitf^^ A /ri<>e>, 122. 

!3luifUHHIIii> 1 ', 234. 

Siphtml* 0"/*X **- 
^ifihotiMtrttA (jrifje AaSeX ^l^i ^^• 
f^iri>j!tiJ4i pmp. luHitX UT^ 
^JVEttberlum (^k«t'« frffMl), 410, 423. 
Smm:li«Cri(iliJto*X170. 
Sutifliiin, 9% 
»nleiti«i( /al jCMiX T3. 
aol0CiirtuA{ifc«T< rtjur-fA^^lX 77. 
Sok'Uiym (rruDTHihiil^ wmiml}, 71. 
SitleDclUi Or(t^ mior jA^^IX Tl. 
^tilt^iihliL' (nizor shrU tribe), 79. 
^^1 > mil Icji f/;f JiJlfV-: (**>. 3. 
tiuwerliya (jjfmp. tmnuX 77. 
^l^kcCKtti^riQiD <«fto^ tmnM), 3i^i^ 

Hpi^tAUjipdic (iptOa^^tM fH'wX ^'^^ 

H|i.itlM>lHiUi; (bloil* rttyX IS^- 
CsjiatxiIJiri^ 151. 
gpb„n<tfh*^H4'£iX75, 
fi]il«ftlSlfl»B(flMt4i9iifX 33, 35. 

OphistioiiolKt^ {UTit^ hook), ISL 
Bphnjt^iochua (n^ertgi ftfpj* 'IS. 
B[iUinx (prop- «a™*X B" 
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Hpinax (piked dog-flsk)^ 121, 154. 
apiniff rites (»pine henrtr atone)^ \*. 
SinniKPTB. (^fpine beaTer), 89. 
Bpiriali.s (mnre 4A<"//), KO. 
Bpirifer (."pire hearrrX 57. 
Bpiriferinai (little spirifer), 57. 
Spiro^dyphus (spiml sculpture), 44. 
Spinjrbis (itjnre «phere\ 44. 
Spinila (/»■///«• j»/»/rr), H)», 110. 
Spirulinmtra (.*pind iH-iik)^ 110. 
8iMjndyln.s (shell -Ji*h), (J8. 
8(M>ngaria, lO'J. 
8l>onKe», 4, ti. 
H(iuali(lti> (nhn,k trilie), I'M. 
iSqualoraia (shark n».v), 130. 
8qiiatiua(Mo>iA\/i«AX ^'^^^ 
Htagonolopis* (dntp j«cri/f), '2Ki, 304. 
BtegaiKKlirtymu {an-ered net), 7. 
BtelleruK (/'ri7». uome), iH7. 
8tflla«tt'r (stitr utarjish), 'AH. 
HU'lIiMjKtuxia {stnr itimmjr), 8. 
8teiicoHaun»M (short lizard), 'MKl 
8t€plu&ii(iiii(>ta)Htii (irrettth chamje), 50. 
8tepIumophyIIiH {irraith leiif), '27. 
8tonx)piathuH (stiff jaw), 'M!'*. 
StielioMtega (roir wirr), V2, 1.4. 
StrepHHluni (tvri^t UiU), IH). 
StreptorhyiK'hns (twist fut'k), r>{K 
8treptospon<lyIu.s(^/-/»^ irrtehm), '29*.i,iH\\ 
8tring«)<'fi»lialii.s (on'l head), 55. 
8tn»iiiatoporn (fxd jxire), 7. 
8titmibi(la-, 87. 

Stn)iiibiiH (Htrumh shell), HS, l»l, 05. 
8tn>)>hal(>sia (siduning top), 00. 
8trophoiiieua (twist thre(ul), 5i». 
8turiouidiP (»/»r//<-on trilM-), 151. 
8tyliua (little style), 27, 28. 
8uch<»8auni« (cnxtMlile lizard), 300. 
Hus(hjif), 41 U, 420. 
iiyiM\tin( jo iiud tiHjether), 41. 
8yndo8iiiya (linked mvssel), 77. 
8ynoclaUia (ojitr together), 31. 
8yi ingop<)ra(f «?>e;>orf), 27. 

Tancukdia (prop, name), 75. 
TanystropheuB (long rertelrra), 240. 
Tapes (ettfjtet), 77. 
Tapir (/>«>;). iwimr), 37:>,HS5, 433. 
Teetibniiu'hiata (n>of gill), 05. 
Teleosjiiinis (end lizard), 25n>, 300, 303. 
Tfleostei (complete hom% 109. 
Telophoridw (far carrier), 51. 
Telliiia (shell-fish), 77. 
TeUinldu- (<f//ina A /»//). Ot'.. 
TciiiuoplewniH Cc»// n/»), 39. 
Tene])ri<>nidj*.'((/«rA-/i*»f7 beetles), 52. 
Tentaculitcs (tentoile stone), 44. 
Terebellaria (/i7//e ?K»rfr), 81. 
Tfrelwllum, ih., 88. 
Trrcdina, ih., 78. 
Terebralia, j^., 92. 
TtTfbrat^'Ua, (6., r»5. 
Terebratuln, //»., ^i)^. 
TeRtudo (tortoi»f), 314, 319 
Totrag(>noIr]iiM(.«/imrf scale), H'»^ 



TeuthUte (agrtiid tribe), 109, 110 

Textularia C/ftffe- »«owr>, ir. 

ThaiimiBcua (frrWt ^Or^ «. 

Thaiimas (marvelX 1S6. 

Theca («A««t/AJ^ 80. 

Thecitliiun (litUe skeath), 65. 

TheccKlontia (shtath tooth), 275. 

ThecodoDtosaiirus (shtatk tooth luarti), 
275. 

Thecosmllla (sheath knifeX 27, 28. 

Thectodiw (sharp tooth\ ISO. 

Theonoa OwTop. naauX 81. 

Tlietis (;>nv>. iuim«X 77. 

TliristKiuotiw (thryssa ftrieJtX 163. 

Tlirwaops (Jtsk like), 168. 

Thylaeinus (twtch dog), 429. 
Tliylacoleo (;NmrA«(f UonX 432. 
Tinea (»u>M i#x»rTOX 5± 
Toniatella (///ffe M/r»-«*««>, 88, 9b. 
TtiHKHlo (rm«;)^>, 136. 
T».xa«ter (how star), 40. 
Toxoceras (bow horn), 106. 
Toxodon (ftoir foot*), 428. 
TragoH (kind of fiwnge), 8. 
Treiuatis (hoU shell\ 61. 
Treiiiatosaurus (hoie lizard), 215. 
Tretoeeraa (Ao/c horn), 102. 
Tretostenion (Ao/e frmuf-boiw), 317. 
Trichit«'« (hair stone), 70. 
Trichotn>pi.H (hair keel), 90. 
TriconcKlon (three coned toothX 351. 
Tridacna (three hiU), 74. 
Tri^nelliteii (7imf triangle stcne\ 103. 
Trigonia (triangle), 71. 
Trigrjniada; (fr^mia fribe), 66, 71. 
Trigonoceraii (triangle horn), 99. 
Trig<mo8eiuuH (triangle sign), 65. 
Trilobites (fAre< lobetl stone), 48. 
Trinucleiw (/Arw kernel), 48. 
Trioiiyx (fAree davrd), 814, 318. 
TriiMili (/)n»;». name), 15. i 
Triton (;»ro2». name), 71, 83. 
Trivia (arb. name), 91. 
Tnwhidje (fop shell tribe), 92. 
Troeliooenw (/<>j> Aorn), 99. 
TrochocyathuB (toji nip), 27. 
TrochottMiia (top cttt), 93. 
Trogontbcriuiu (j/m'wfuff beoal), 423. 

Troi»idai»ter (keel star), 38. 

Tn>pifer (keel bearer), 49. 

Tn>phou, 90. 

Tr>gon (sting ray), 126. 

Trystichins (sjnnyjish), 124. 

Tnbina (/»«/# tube), 93. 

TnbiiM>rid«j (<»i?if p<wr [coralj^ 27. 

Tnbulipora (tubule pore), 31. 

TnnicatA (c/oat«<0, 19. 

Tiirbinolia (ZWfc- whirlpool), 28. 

TnrlM. (irA/ri «ftWO. 71, 92. 

Turrilites (tower stoiu), 106. 

Turritella (little tower), 92, 93. 

TyUwtoma (club month), \Kt. 

Tyi»bi« (7wv»;). name of shell), OO. 

Umbrella, 83. 
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UiiKiiIa {httojf^ C'l. 
Unicanliuiii (om« httirt\ 7^k 
L'liioiiklie {nnin trilte\ 71. 
Ui-ano8coi>i {sky gazers), i:>3. 
Unmeiiiiw (/«i7 threoti), 1(W. 
Uraus (bear)t 410, 

Va<jinella (littlf vhmfh), W. 
Variifora (ioart Iteartr)^ 0'>. 
Venerida- (rcnitu trihe)^ m\ 77. 
Venenipls (venns rocA), 77. 
Vcutriciilit^w (little bag «foitc\ 7, 9. 
Venus, 77. 

Vonnetus (worm UkeX 44. 
Vennifuilaria (little inontUet)y 44. 
Verniilia, i6., 44. 
Verru(Mi (iwirO, 45. 
Vertioellopora (pin pore), 8. 
Verticonlia O»rofj. nnnut\ 71, 
Volutidse (volute tribe), 9\. 



VoIutilitlieH (i-tfluU stone), W. 
Volvaria (little tcmi*per), P/i. 

WALDHEiifiA(;m>p. name), 54. 
Welibiiia (i*rop. name), 13. 
Websteria, ih., 23. 
Woodoorimis (irootTs lily), 34. 

Xanthidiitm (mie yelhw dye), 9. 
Xestorrhytias (jtoHshul inrinklen), 
Xiphiaa (strortfJUh), 172. ^ 
Xiphodon (*iron7 //wrft), 371. 
XylohiuH (trowi d\rflhr), 2(.«. 

YoLDiA (prr>;). »m/»/i<'), 71. 

ZAPHREimH(/»r(>i>. /ww^), 25. 
Zouglodon (yoA'^" tooth), 377. 
ZiphiuH (prop, name), 375. 
Zygobates (y<'A-« ray), 134. 
Zygosaunw (yuAe Zi?«rd), 21rt. 
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